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SYNOPSIS

This book presents a developmental history of aeronautical
and aerospace medical science, analyzes of aeronautical and
space navigaticn environmental conditions, especially the aero-
nautical and space navigation environmental conditions related
to medical science, and explores the general laws of man's re-
lation to aeronautical and space navigation environmental
effects. This book also introduces medical science problems re-
lated to gravitational changes and powered flight, analyzes the
influence of weightlessness on the human body and offers relevant
medical measures. Furthermore, it also introduces the effects of
oxygen deficiency, radiation and environmental temperature on the
human body and relevant medical guarantees.

This book can act as a reference for aeronautical doctors,
aerospace medical personnel, flight physical health inspection
doctors, flight personnel, astronauts and those engineers and

technicians engaged in aircraft and airship design.

Published by the National Defense Industry Publishers
Distributed by the New China Book Store, Peking
First edition: June, 1979
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PREFACE

Although aeronautics and space navigation have differences
in altitude, speed, time and range of manoceuvers, their environ-
mental factors influencing the human body are generally the same.
Moreover, aerospace medical science developed on the foundation of
aeronautical medical science and because of this, it is quite
suitable to place the two together for discussion.

This book uses the following three aspects to introduce the
basic knowledge of aeronautical and aerospace medical science:

l. We do not follow the traditional style of writing about
aeronautical medical science but rather we summarized the envir-
onmental factors in aircraft cabins and aerospace areas touched
upon in modern aeronautical technology. We chose an expository
style of concrete analysis for concrete things and divided the
chapters to discuss the influences of these factors on the human
body and protective methods against them. The various environ-
mental factors acting on the human body in flight produce the
objective material basis of aeronautical and aerospace medical
science and without these environmental factors acting on the
human body there can be no modern aeronautical and aerospace
medical science. +fherefore, it can be said that aeronautical and
aerospace medical science is a particular type of environmental

medical science.

2. Following the deeper recognition by mankind of this
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particular branch of environmental science, its application has
been expanded and its division within the scientific world has
become more detailed. Not only is common aeronautical medical
science taken as a major problem in military aeronautical medical
science but it has also taken on special features in civilian
aeronautical medical science, aerospace medical science and
aeronautical human body engineering. This has caused modern aero-
nautical and aerospace medical science to split off and tend to
become an applied science and basic knowledge. This book mainly
elaborates on the fundamental knowledge of aeronautical and aero-
space medical science.

3. The depth and breadth of environmental medical science
knowledge needed by aeronautical doctecrs, flight physical examin-
ation doctors, aircraft and airship design personnel, aerospace
medical personnel, flight personnel, astronauts and navigators
in their work is different. To satisfy their common needs, this
book introduces things of a general nature whereby the various
common environmental factors in flight, their effects on the
human body and their physiopathological characteristics and
mechanisms are taken as starting points for the various disciplines
studying aeronautical and aerospace medical science.

In addition, sometimes environmental health problems also
occur in national defense construction, industrial production,
communications and transportation and physical motion similar to
those in aeronautics and space navigation.

For example, there are the well known severe cold and lack
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of oxygen in high mountains and plateaus and the noise, vibra-
tions, high temperatures, radiation, atmospheric pollution,
motion sickness and decompression sickness in national defense
construction, industrial production and communications and trans-
portation. The phenomena and theoretical knowledge narrated in
this book also have reference value for health care personnel and
engineers and technicians working in these fields.

The above was boldly attempted when the authors were writing
this book. Because the levels of the authors are limited, it was
difficult to avoid mistakes. It is hoped that readers will offer
criticism and point out the mistakes.

In the process of writing this book we received great support
from leading comrades of the General Logistics Department and
Health Office of the Chinese Civil Aviation Bureau and the entire
manuscript was checked over by comrade Meng Fanrong of the Fourth
People's Hospital in Peking. Here we would like to express our

tnanks to those comrades who helped in the work for this book.
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PART ONE

GENERAL DISCUSSION ’

General Remarks

‘he overall purpose of socialist medical science is ensur-
ing the people's health and this is also the general task of
China's aeronautical and aerospace medical science. For medical
science to ensure the people's health, it is necessary to start
in several areas. Generally speaking, they are paying attention
to hygiene, preventing illness, curing illness, strengthening the
pnysique and in special work it is necessary to guarantee life
safety and maintain work efficiency (labor protection).

Aeronautical and aerospace medical science is a synthesis
which developed in the practice of aeronautics and space naviga-
tion, is a branch of many types of medicine and is a particular
environmental medical science. Environment can be divided into
natural environment and aircraft cabin environment. Natural
environment points to the physical condition and factors in the
sky and outer space and cabin environment indicates the environ-
ment that flight personnel come in direct contact with. The en-
vironmental conditions and factors that can cause the human body
to produce effects, whether they are from the natural world, from
aircraft motion or from the human body itself are all problems
that are discussed in this book.

The reason why environmental conditions and factors are




important is because they can cause a series of physiological
effects. Among them, che strong ones which last quite long or
change very quickly cause physiological effects that are exces-
sively severe and which people cannot endure. This influences
flight operation, can cause the development of a pathological
process or functional and organ injury.

When compared with ground conditions, aeronautical and
space navigation conditions are more particular and the proper-
cies of each factor are different toward human body actions.
Moreover, the body is influenced by the independent action of a
single factor or the combined actions of many factors, the
length of action time and the changes of stimulant strength.
Therefore, physiological effects and pathological changes are
varied. For convenience of discussion, we must break down the
whole aeronautical and space navigation environment into certain
factors. Some of fhese factors arise from the atmospheric envir-
onment and outer space; for example, upper atmospheric low pres-
sure, 1ow temperature, ozone, radiation etc. Some occur in the
movement of the aircraft and the waste material from navigation
personnel; for example, the overload produced by acceleration and
airflow shock, high speed turns, deceleration and impact in the
ejection life saving process, che vibrations and jolts produced
when an aircraft is changing position, che vibrating noise and
heat produced by the power equipment, and the high temperature,
carbon dioxide and stink produced when cabin ventilation is un-

satisfactory. These environmental factors influence the human
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pody and make up the major contents of this book.

The human body's reaction to aeronautical and astrona-
vigational special environmental factors is also very complex.
The human body is an organic whole and unless the central nervous
system and the body fluid transmission system are injured, the
activities of each organ and each system in the human body should
pe coordinated. However, the reactions of certain factors in
specific conditions and in fixed times are emphasized as their
local reactions are very noticeable. For convenience of narration,
we distinguished the physiological effects to narrate the reactions
of each organ and each system. This book uses a great deal of space
to discuss the human body's endurance, protection, adaptation and
acclimation to aeronautical and space navigational environmental
conditions. The aim of providing all of the parameters of medical
assurances, medical supervision and aircraft design is to provide

a basis of engineering and medical measures for seeking safety

guarantees.
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CHAPTER ONE

THE DEVELOPMENTAL HISTORY OF AERONAUTICAL AND AEROSPACE
MEDICAL SCIENCE

Very early man possessed the ideal of going into space.
Chinese ancient myths also have these types of fantasies such as
the stories of "chang E fleeing to the moon" and "great havoc in
heaven". On the other hand, che working people of ancient China
designed and constructed various types of flying machines to soar
into space such as kites, Kong Ming's light, bamboo dragonflies,
wooden birds and rockets. Yet, because China was under feudalism
for so long and was invaded and enslaved by imperialism during the
last over one hundred years, there was no aeronautical and aero-
space medical science to speak of.

After liberation, under the care of the party and government,
China's aeronautics industry developed quickly and there were many
successful launchings of earth satellites which showed that Chinese
aerospace technology had entered a new stage. In the field of
aeronautical and aerospace medical science, China not only has
independent training schools and research organizations but also
has a scientific research contingency and large group of aeron-
autical doctors thus forming China's aeronautical medical science
contingency.

In the West, the development of ancient aviation was about

several hundred to one thousand years behind that of China. For

-
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example, the predecessor of the balloon, the smoke bag, which is
like China's small spherical light (the Kong Ming light) was in-
vented one thousand years later than the ones in China. Rockets
were first invented in China during the Tang dynasty and by the
Yuan and Ming periods they were used as weapons to resist aggres-
sion. Only at the beginning of the nineteenth century did foreign
reference begin to mention "Chinese rockets" and they were only
quoted as strange tales.

The development of capitalist production in the West during
the eighteenth century provided an opportunity for scientific and
technological development. The predecessor of the balloon, the
smoke bag, was invented and gave rise to attempts for balloon
launchings. In 1783, the first balloon was successfully sent up to
an altitude of 450 meters. During the 100 years up to 1875, many
balloons were sent up and some carried people up to an altitude of
over 8,000 meters. During that time, many accidents occured;
some suffered frostbite because of the cold and others lost con-
sciousness because of lack of oxygen. Finally, in 1875, three
Frenchmen used a balloon with a suspended basket to ascend to over
3,000 meters. Because of lack of oxygen two died and when the re-
maining man fell to earth he seemed to have lost consciousness.

After this, the fervor of balloon aviation gradually declined.

During this period, cthere were people who made atmospheric pressure

cabins for people to use and carried out a great deal of experi-
ivental research related to low pressure pressurization and low

pressure. This stage can be said to be the embryonic period of




aviation medicine.

Modern aircraft design and manufacture began at the end of
the nineteenth century, but actual flight tests began in the begin-
ning of this century and aircraft were first generally used during
the First World War (1914-1917). At that time, the highest air-
craft flight was only one to two thousand meters and speed did not
exceed 500 kilometers per hour. Although this being the case, there
still were medical problems that awaited resolution. For example,
airsickness, randing accidents, aircraft collisions, injuries from
enemy gunfire, forced landings and the problems of first aid, |
checkups, selection and training closely related to these accidents.

The practical needs of warfare brought about the emergence of
aviation medicine. The armed forces required aviation doctors and
aviation doctors needed to research and solve aviation medical pro-
blems. In the latter part of a war or the period after a war, each
participating nation, <specially the defeated, sets up a special
aviation medicine organization responsible for training and research.

During the period after Warld War One, there was stagnation in
aviation development and thus the progress of aviation medicine was
also relatively slow. When World War Two was brewing activity was
again restored. vuring the war, because of aircraft flight altitudes
and the extension of flight time, unprecedented problems emerged,
such as frostbite, hypoxia, decompression sickness, flight fatigue,
sight obstruction and overload which urgently needed timely research
and solution. During this period, many nations vied to set up

special organizations and carried out aviation medical research and
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training. There were many achievements in the field of aviation

medicine. The jet type airplane appeared near the close of World
War Two. After the war, supersonic jets advanced at a tremendous
pace. Flight altitude, speed and range notably increased and at

the same time there was even faster development in aviation medi-
cine.

After World War Two, the fast development of rocket tech-
nology promoted the development of space navigation. From the
1949 biorocket (a rocket carrying a living being into space) to
animals in circum-earth orbit, in less than ten years, man elimin-
ated the obstruction of going to outer space. Aerospace medicine
developed quickly on the basis of general medicine and aviation
medicine. Now, mankind can not only orbit the earth for long per-
+ods of time, but, for example, man can stay in a space laboratory
for several months and has already landed, traveled and made in-
vestigations on the moon. Navigators, whether in space stations,
on the surface of the moon or in flight have shown no impairment
to their health or had any serious influence on their work. These
phenomena cannot but be attributed to the achievements of aero-
nautical and aerospace medical science. Looking forward to the
future of interplanetary flight the development of aeronautical
and aerospace medical science has a very broad future.

The development of space navigational technology also pro-
moted the development of aeronautical technology. At present,
supersonic aircraft can fly in isothermal layers and the health

and safety of people in these aircraft can also be guaranteed.
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It can be said that aircraft flight environment is progressively
approaching that of spaceships thus causing closer relationships
of aviation medicine and aerospace medicine. Actually, they have
already been merged and it is hard to draw a sharp line between

the two.
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CHAPTER TWO

ENVIRONMENTAL CONDITIONS OF AVIATION AND SPACE NAVIGATION

-

craft and spaceship cabin which
environment”. In high altitude
the environment is not suitable
that the aircraft and spaceship
that the environment inside the

the human body. In low altitude

tions, che internal environment

}

Section One - Space Environment, Inner Cabin Environment and
Environment in the Human Body

There are many differences in the environmental conditions
encountered in aviation and space navigation and the environmental
conditions of life on the earth's surface. The environmental con-
ditions of aviation and space navigation can generally be divided
into three types. The first type is the aircraft environment which

is the environment of the outside of the aircraft and spaceship
‘ cabin. The second type is the environment inside the cabin which

is the small environment which is the environment inside the air-

some people call the "microclimatic
flight and space navigation, because
to human existence, it is necessary
use an airtight cabin to guarantee
cabin is suitable to the needs of

flight, aircraft generally do not

require the use of an airtight cabin because when in low altitude
flight the environment inside and outside of the cabin is basically
the same. ‘'The above mentioned two types can be generally desig-
nated as "the environment outside the human body". The third type
is the body cell environment which is called the "internal envir-

onment" of the human body. Because of the human body's own regula-

is basically stable and is
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maintained in a dynamic equilibrium. When changes occur in the
outside environment or because of illness human biological activ-
ity cannot proceed normally, imbalance and instability can occur
in people's internal environment. If these types of imbalanced
and unstable phenomena surpass the body's own regulation capacity
and level of endurance and they cannot be reversed and restored
quickly, this can cause pathological changes, injury and even
death.

As regards the specific conditions of aviation and space
navigation, outside environmental changes, especially aircraft
environment changes, are often the major aspect of a contra-
diction. The higher the flight, che faster the speed, and the greater
the difference between the environment and the earth's surface the
more intense the influence on the human body. To guarantee bodily
safety, it is necessary to use an airtight cabin to create an en-
vironment inside the cabin suitable to the needs of the human body.
Yet, the surrounding environment has an enormous influence on the
environment inside the cabin. When the internal cabin environment
safeguard system breaks down, chese influences become even greater.
These changes in the outside environment acting on the human body,
in view of the body's physiological mechanisms and internal regula-
tions, cause the internal environment to produce various reactions
and changes. Therefore, before discussing the specific contents
of aeronautical and aerospace medical science, we need to first
introduce the environmental conditions of aviation and space naviga-

tion which are the environments inside and outside of the cabin.
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Furthermore, the atmospheric conditions in the environment outside

the cabin are very important.

Section Two - Atmospheric Conditions

In aviation and space navigation, the space range not only
includes the earth's atmosphere but also includes cosmic space
outside the atmosphere. Yet, when discussing atmospheric conditions,
it is essential to speak of the earth's atmosphere.

rhe atmosphere encircling the earth follows the rotation of
the earth and revolves. From the earth's surface upwards, it gra-
wually changes from dense to thin and therefore the higher the al-

titude the lower the atmospheric density and pressure. At an alti-

tude of 50-:00 kilometers, airlift is basically lost. The atmospheric

air power resistance limit is approximately above 3,200 kilometers.
Based on statistics, the centrifugal force and centripetal force
positions of the revolving atmosphere are at an altitude of several
ten thousand kilometers over the equator which is the ideal alti-
~ude of the earth's atmospheric layer. This is called the outside
realm of the atmospheric layer. Even though the spatial distribu-
tion of the atmosphere is very extensive yet 99% of the atmosphere
lies at an altitude less than 32 kilometers. Meteorological pheno-
mena are directly related to atmospheric movements. Therefore,
complex meteorological problems are mainly in the less than 32
kilometer range. The relation of meteorological phenomena and avia-
tion is especially great and after spaceships leave the earth,

meteorological influences do not exist. Yet, during takeoff and
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return to earth there is no way of eliminating the influences of
meteorological phenomena. The reader is referred to table 1-1 for

the seperate layers of the atmosphere.

Tahle 1-1, Separate layers of the atmosg.crc. |
-<E§ 2 !69“ @Eﬂh rE (O ;
L2 i !
O xxn ‘ e G nn@tnn (LR !
, xR 0~0.002 - - - 50~ +80 '

®: « @rr e T

| & 2 0.002~2 4'— - | - | 4G~ + 40 !
@ L O | .@ L 2~8 w10 L ~s0 | +20~-45 !
x AW "'@_m!ml 8~12 . -0 -5 | -35~-180 | 1
T @rarram | u 55 -5 | A5~ 65 }
@, »an | 3~8 - 50 +50 | ~60~ +80
T 1 as=~s8 1 +80  -se~-113 “ 113~ +Ty (
| Tas~1s8 | -0 [ +s0 —80~+100 -
- ! - ‘ ” é
@ TLY Y | 1s3~i00 | g I e } + 80~ +100 |
: [ 100~800 1 1 ' +1200 (@) ‘
: |
] [ !
@(un*:.,nsm | >800 ? ? P +2000(2 )
}
1. Atmospheric layer !
2. Sublayer ,
3. Altitude ‘
4. Temperature (°C) ;
5. Lower position iy
6. uUpper position
7. Extreme value
8. Base layer
9. Troposphere
10. stratosphere
|
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11. Ionosphere (warm layer)

12. oOuter layer of the atmosphere (dissipation layer, scatter
layer.

13. Base bottom layer

14, Upper layer

15. Translatory layer

16. Top layer of atmosphere

17. Isothermic layer (stratosphere)

18. Inversion layer

19, Mixed layer

20. Middle layer

21. E layer

22. F layer

23, Atomic layer

24. Juter layer of atmosphere

1. Aviation Atmospheric Conditions

Aviation is carried out in the atmosphere at an elevation
below 50-100 kilometers. Based on modern meteorological data, the
atmospheric layer includes the base layer, troposphere and strato-
sphere.

The atmosphere's base layer is the lowest layer which encir-
cles the earth and its altitude is below 2 kilometers. The layer
can be further divided into two sublayers: the lowest layer is
called the base bottom layer and is only two meters from the earth;
the higher layer is called the upper layer and is 2-2,000 meters
from the earth. Because the base layer is greatly effected by
topographic height, solar radiation intensity and the seasons, the
changes of airflow and wind and clouds are more frequent and com-~
plex. Moreover, there is also the takeoff and landing space and
therefore ground and air personnel must pay particular attention to

the meteorological layer.

-13-
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The troposphere, also called the changing temperature layer,
is above the base layer. This layer derived its name from the fact
that its upper and lower air usually produce convection. This
layer occupies approximately 79% of the total atmosphere and holds
almost all of the vapor and microdust in the atmosphere. Its
altitude follows the different earth latitudes and thus is diverse.
For example, 16-18 kilometers above the equator, the mid-latitude
area is 10-12 kilometers and the two extreme areas are 7-10
kilometers. In this layer, temperature gradually drops in accor-
dance with the higher altitude. The temperature drops an average
0.65°C per 100 meter ascent. Within this layer, there are usually
the meteorological changes of wind, clouds, rain, fog, ice and hail
and this layer is a main activity area in modern aviation.

Above the troposphere is the stratosphere. Its lower altitude
is 12 kilometers and its upper altitude extends to 85 kilometers.
This layer can be divided into three sublayers: the isothermic
layer, inversion layer and mixed layer. The latter two are jointly
called the middle layer. The isothermal layer is also called the
stratosphere. Its lower section lies on the upper part of the
stratosphere and its upper section extends to about 34 kilometers.
The airflow in this layer is relatively stable. Under 25 kilometers,
the temperature is generally maintained at about -55°C and above
25 kilometers, the temperature increases in accordance with the
rise in altitude. The air in this layer occupies about 20% of the

total atmosphere. The amount of vapor and microdust in this layer

-14-
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is small, atmospheric pressure is very low and furthermore there is
an ozone component.

The middle layer is the transitional moving layer of the
isothermal layer toward the ionosphere. Its inversion layer extends
from the apex of the isothermal layer to an elevation close to 48
kilometers and this layer seems to have no vertical movement of air.
Yet, atmospheric temperature rises in accordance with altitude
increases and the highest temperatures can reach to -3 to +50°C.
The space range of the mixed layer is at an altitude of 48-85
kilometers and it has corresponding strong upper and lower airflow
movement. Its atmospheric pressure drops radically in accordance
with’altitude increases and the temperature at the highest point

can decrease to =-83° to -113°C.

2. Atmospheric Conditions of Space Navigation

The space range of space navigation includes the atmosphere's
ionosphere and dissipation layer and the vast cosmic space outside
the earth's atmosphere. Generally speaking, the atmosphere in this
space range is very thin, the cosmic space outside the atmosphere is
close to being a vacuum and the actions of meteorological factors
are very small. However, meteorological factors have a certain
amount of action in the ionosheric and dissipation layers relatively
near to the earth's surface.

The ionosphere is also called the warm layer and its distri-

oution in the 85-300 kilometer altitude range can be divided into the

-15~
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E layer, F layer and atomic layer. Atmospheric temperature in
the ionosphere quickly increases in
accordance with increases in altitude. The temperature at its
highest point is 500-1,200°C but its air capacity only occupies
0.5% of the earth's total atmosphere. Because the air is very
thin, therefore atmospheric temperature has very little influence
on Tlight and the air's transmission of sound has also basically
disappeared. The atmosphere of this layer is not only very thin
but is also in an ionization state. Because of this, radio waves can
attain long distance transmissions around the earth. The iono-
sphere is greatly influenced by solar activity and it is an essential
space layer for satellites orbiting the earth.

rthe dissipation layer is the outermost layer of the atmosphere
and is also called the scatter layer. The altitude of this layer
is above 800 kilometers and reaches up to several ten thousand
kilometers. This layer's air is extremely thin and continually dis-
sipates toward interplanetary space. Since the air is already thin
there is basically no effect on flight. The physical conditions of
this layer's atmosphere are more or less the same as interplanetary ;
space conditions. Cosmic space outside the atmosphere is close to
a vacuum and its gas composition is shown in table 1-2. To provide

the reader with a general idea of the end altitude of various

sl

physical characteristics on the earth's surface, table 1-3 is given

for reference.
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Table 1-2. Interplanetary Gas Comrosition
Q=  (@errxsarnnix | Mu ¥ @Ex*«mm&fu
® «r | 11 x108 ; ® » 10
« ! Ix108~2x [0¢ . R | 0.12~4¢.8
| ; 108 if 1) & ] 0.05
x g 108 1 wkiw | 0.4~3.0"
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1o0.
11.

12,
13.

14.
15.

l6.
17.

18.
19.

20.
21.
22,
23.

24.
25.

26.
27.
28.

Physical cundition

End altitude (kilometers)

Remarks

Atmospheric temperature

When entering isothermal layer, temperature as low as
-56°C

Oxygen pressure (lack of oxygen)

Above 2 kilometers light symptions of lack of oxygen can
appear; over 3 kilometers symptons are apparent; over

6 kilometers there is no oxygen supply and the danger of
loss of consciousness; over 7-9 kilometers there is no
oxygen supply and this can cause death.

Atmospheric pressure (body fluid boiling)

Over 7 kilometers decompression symptoms begin to appear;
over 8-10 kilometers internal air bubbles and gas embol-
isms can appear; over 18 kilometers it is necessary to

use a pressure suit to maintain life safety.

Airtight cabin

At altitudes over 40-30 kilometers, airtight cabins cannot
use compressed surrounding air to supply gas in the cabin.
Primary cosmic radiation

Aside from terrestrial radiation areas, cosmic radiation
strength is similar to that in outer space

Solar electro-magnetic radiation

Above this altitude solar electro-magnetic strength reaches
the same as that in cosmic space

Cosmic darkness

Above this altitude, atmospheric and dust light scattering
basically disappear

Meteors

Generally, meteors burn up above altitudes of 70-140 kilo-
meters and only a minority of larger meteors can reach
below an altitude of 70 kilometers

Cosmic stillness

Above the end altitude, air transmission of sound is lost
Terminal point of air thermodynamic action

Above the created altitude, there is no means of atmosph-
eric heat action

Terminal point of air dynamics

Here satellites are not effected by air resistance and
friction and the altitude of destruction is 1,000 kilo-
meters. Generally the air lift terminecl point is 50
kilometers

Internal radiation zone

Upper bound 10,000

From above an area of southern latitude 35° to northern lat-
itude 35°, lower bound is 350-1,500 kilometers
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29. External radiation zone

30. Upper bound 50,000-64,000

31. From above an area of southern latitude 35° to northern
latitude 35°, lower bound is 10,000-30,000 kilometers

32. Atmospheric layer

33. 10,000-100,000

34. Generally, under 2,000-3,000 kilometers

35. Earth's internal gravitational field

36. Upper bound 1 million to 1 miXlion 500 thousand

37. Equilibrium point of earth and moon gravitational field

38. 340,000

Section Three - Medically Related Aviation and Space Navigation
Environmental Conditions

The special environmental conditions in aviation and space
navigation related to medicine can be generally divided into five
major categories: (1) environmental conditions related to gravit-
ational changes and dynamic flight; (2) gas environmental cocnditions;
(3) temperature environmental conditions; (4) radiation environment-

al conditions; (5) sanitation conditions in spaceship cabin.

l. Conditions Related to Gravitational Changes and Dynamic Flight

Under dynamic flight conditions, aircraft and spaceships pro-
duce a series of physical conditions which cause many physiological
reactions in the human body and some even cause injury. The follow-
ing several types are the major ones among these conditions:

1) Acceleration and deceleration: overweightness is the prin-
cipal reaction produced on the human body.

2) Impact: this is when aircraft and spaceships have impact

with the earth or other substances. Although the time is very short

(<0.3 seconds), it is still a type of deceleration with a very high
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overweight growth rate.

3) Airflow shock: the very high speed airflow shock en-
countered the instant a human body is ejected from an aircraft.

4) Vibration: there is a definite influence by aircraft and
spaceship vibration on the human body.

5) Shaking: aircraft shaking can be encountered in low al-
czitude, high speed flight.

6) Rotation, vibration and turning somersaults: when an air-
craft does stunt flying and ejection, unfavorable airship control
system functioning and other conditions arise.

7) Noise: aircraft and spaceship noise are produced by the
power equipment and has a certain influence on hearing and work
efficiency.

Besides the above mentioned conditiors related to dynamic
flight, when an aircraft is in parabolic flight, when a spaceship
orbiting the earth and when a spaceship carries out non-powered
free flight in outer space, the disappearance of gravity is called
weightlessness. When a spaceship lands on another celestial body,
because the other celestial body's gravitional conditions are dif-
ferent from earth's, for example, the moon's gravitational force
is only one-sixth that of earth's and people are subject to long
periods of low gravity. Therefore, the control of the influence
of weightlessness and low gravity is one subject within aerospace

medicine.

2. Aviation and Space Navigation Gas Environment

There is a great difference between the aviation and space
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navigation gas environment and that of earth. It is composed of
atmospheric pressure and density and follows altitude changes.
Below we introduce the main related environmental conditions.

1) Low pressure lack of oxygen: because at high altitudes
air pressure is very low there is a lack of oxygen which causes
anoxia.

2) Decompression: at high altitudes atmospheric pressure is
very low and when an aircraft ascends very quickly this can produce
rapid decompression and bring about decompression sickness.

3)Explosive decompression: because of fighting, meteor col-
lision or other accidents causing air leaks in the airtight cabin,
pressure within the cabin suddenly drops. This type of explosive
decompression causes the gas in a person's sinuses to quickly
expand thus bringing about various types of injuries.

4) Oxygen poisoning: if the air supply system in aviation
and space navigation is imperfect or breaks down, this causes the
oxygen pressure to become too high which can poison the human body.
The major oxygen poisoning encountered in aviation and space nav-
igation occurs when oxygen pressure exceeds 176 millimeter mercury

column to under one atmospheric pressure.

3. Temperature Environment

In the areas of atmospheric temperature and meteorological
conditions, it is possible both in aviation and space navigation
to encounter complex temperature changes from low temperatures to

high temperatures. oSesides atmospheric and meteorological
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conditions, it is also possible to encounter a particular type
of temperature condition. For example, because an aircraft in
high speed flight has air friction, there is produced high temper-
ature. During spaceship takeoff and return, when extremely high
speeds are used to penetrate the dense atmospheric layer, this
can also produce high temperatures because of air friction. Even
though a series of radiator and heat insulation measures were used
in construction technology, it was still difficult to avoid en-
countering a fixed level of high temperature. When the temperature
regulation system of an aircraft or spaceship breaks down, this can
be even more serious. When a spaceship is in flight, outside the
atmospheric layer, because there is very little surrounding air,
neat convection seems to be non-existent. Yet, when one side of
the spaceship is in the sunshine, temperature can rise over 100
degrees and when one side has the earth's shadow temperature can
lower to minus several ten degrees. Aside from this, if the pilots
or astronauts because of an accident or bad landing put down in
the north or south poles, in a torrid zone or in the ocean,they
will then be able to encounter earth conditions of low or high tem-~
peratures.

Generally, it is possible in aviation and space navigation
to encounter low temperatures of minus several tens of degrees to
high temperatures of several hundred degrees above zero. The
environmental temperature change range is quite broad and to pro-
tect man's safety and flight capabilities, it is necessary to
adopt appropriate safeguard measures against these temperature
environments.
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4. radiation Environment

Cosmic space ionization radiation is a dangerous element to
the human body. There are three major origins of cosmic radiation:
(1) that from the sun is called solar cosmic radiation; (2) radia-
tion from each direction of the Milky Way system (actually vast
outer space) is called Milky Way cosmic radiation; (3) from the
earth's radiation zone (inner radiation zone and outer radiation
zone) .

Aside from ionization radiation, the sun also regularly emits
various types of non-ionization electromagnetic radiation, from
ultraviolet rays to visible light, infrared rays and various diff-
<rent frequencyv electromagnetic waves. The strength of solar electro-
magnetic radiation can reach a level strong enough to harm the human
body and therefore it is necessary to pay attention to the harm of
ultraviolet ray, visible light and infrared ray electromagnetic
radiation on the human body and adopt appropriate safequard measures.
Besides solar electromagnetic radiation, because of the expanded
use of laser, infrared and microwave technology in recent years, the
problem of the influence and safeguarding of electromagnetic radia-

cion on the human body has become a topic of concern.

5. Cabin Environmental Pollution and Medical Safeguards

High altitude aircraft and spaceship flight both use airtight
cabins to gaurantee bodily safety. The problem of environmental
pollution on the inside of airtight cabins has also become a special

environmental condition. There are three major reasons for pollution
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inside aircraft and spaceship cabins: (1) from the outside environ-
ment such as ozone; (2) from the spaceship's power devices such as
the gas pollution created by the flame-out device, the fuel and
spent gas pollution of the aircraft and spaceship power devices, the
pollutants sent forth from the coating and rubber, the pollutants
emitted from the electronic devices and the dust and germs inside
the cabin; (3) from human body pollution such as exhaled carbon
dioxide and carbon monoxide, the stench of perspiration and excre-

ment and germ pollution.
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CHAPTER THREE

GENERAL LAWS OF AVIATION AND SPACE NAVIGATION

ENVIRONMENTAL EFFECTS ON THE HUMAN BODY

Section One - Preface

In the last chapter, we described the special qualities and
features of the aviation and space navigation environment. The effects
of these environmental conditions on the human body are actually
brought about witbin various complex relations. The so-called action
of a single condi£ion is only the most outstanding manifestation in
a certain dynamic process. Because of this, the physiological changes
and pathological process of the human body in space navigation as
well as their reasons and reaction mechanisms should all be concretely
analyzed. Generally speaking, the effects of these particular en-
sironmental conditions on the human body are conditioned by the
following factors: (1) the qualities and composition of the environ-
mental factors; (2) the functioning state of the organism at the time;

(3) man's subjective dynamic role. Below we will first discuss the

qualities and composition of the environmental factors.

Section Two - Quality and Composition Characteristics of Environmental
Effects

From the point of view of materiality, some of the qualities
of aviation and space navigation environmental conditions are

mechanical (such as overweightness), some are physical (such as
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ionization radiation), some are chemical (such as gas components)
and some are physiological (such as cosmic stillness). Stimulant
qualities are different and the induced physiological effects are
also different. For example, the influence of overweightness
causes organ shifts, cthe blood to be static and changes in dyna-
mics; the prominent action of ionization radiation is the des-
truction of certain important cells; the aim of gas components
such as oxygen is to supply the needs of tissue metabolism and if
there is too little or too much this can bring about bad effects.

In all environmental conditions, no matter which type of
factor, if the action on the human body is not excessive, the
action time is not too long, the quantity does not increase too
quickly and the position and area of the action on the human body
is not too concentrated, then there will be no harm. For example,
1onization radiation was originally a type of harmful factor, but
a small dosage is not only harmless but can also be used to cure
illness. For beneficial substances such as oxygen, the absorption
of too much can cause poisoning and too little can create anoxia.
Such facts can be said to be true and found everywhere in aero-
nautical and aerospace medical science.

ihe relation of environmental conditions and the organism
include the following several characteristics:
l. The Strength of Enyironmental Stimulation

Taking acceleration (overweightness) as an example, the G
number represents strength. On the earth's surface, people are

subject to 1 G gravitational acceleration and this is the normal
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gravitational force on earth. When a person is subject to about
2 G overweightness while sitting in an aircraft or starting an
automobile, che human body can totally endure this and this does
not cause any great physiological effects. From 2 G upwards, the
human body begins to show unhealthy reactions. By 4-5 G, people
generally have impaired vision and at even higher G factor over-
weightness thevre is blackness (there is a strip of black in front
of the eyes, and the person cannot see anything) and even loss of
consciousness.
2. Action Time

Originally, certain environmental conditions did not cause
harmful physiological effects but if their action time is too long,
sood effects can change to bad effects and even cause illness. For
example, for severe cold which did not cause freezing, when ex-
posure time is long this can cause freezing injury to the feet and
hands.
3. Growth Rate of Action Quantity

Generally speaking, if the strength of environmental condition
actions increase slowly, ctheir physiological effects are usually
weaker. However, if the growth rate is very fast, then physiological
reactions can become acute. For example, when an aircraft goes up,
the higher the altitude the lower the atmospheric pressure., If the
aircraft does not ascend too gquickly, this does not usually cause
decompression sickness but if the climbing rate exceeds 1,200 meters
per second this can bring abou: decompression sickness, for example,
pains in the joints. This is caused by a too fast decompression

speed.
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4. Position and Area of Action

This is most noticable in the overweight effect. The longi-
tudinal axis of overweight action on the human body is much
greater than the lateral physiological influence on the human body.
If the action area is excessively small and too concentrated, this
can cause localized injury such as high temperature causing local-
1zed burns. However, if the action area is too great, this can
cause strong reactions for the whole body and if the problem is
exposure to low temperatures, this can cause freezing to stiffness.

The above mentioned mutually acting factors of environmental
conditions and an organism are universal for actions in aviation
and space navigation environments toward the human body. However,
item "4" sometimes shows certain deviations. Generally, if the
strength of the actions of environmental factors on the organism
are great, the time long, the action fast and the action area
large, then its influences cannot be overlooked.

Another problem of environmental condition reactions is the
simultaneous action of many factors and the contradiction of the
primary and secondary. It has already been pointed out previously
that aviation and space navigation environments are very complex
and include many factors. The majority of these factors act on
the human body continuously and simultaneously and in one time
phase the most outstanding are a link in a whole chain. 1In other
words, in each moment the actions of environmental condition
factors should be divided into primary and secondary. At the same

time, it is also necessary to pay attention to their mutual
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relations, mutual contradictions and mutual coordination. For
example, light lack of oxygen decreased anti-overweight endurance,
/et, under conditions of lack of oxygen, the endurance of the human
body to ionization radiation was raised. Judging from this type of
contradiction, lack of oxygen is still a secondary factor. This
type of secondary factor causes opposite actions for the two

types of different quality primary factors and it is best to say

it is a secondary factor and not a primary factor. Naturally,
primary factors and secondary factors can change. Motion sickness
(airsickness) that occurs in aviation is a typical case. Everyone
knows that aircraft vibration and bumping is the reason for air-
sickness. New flight student sufferers are quite numerous. How-
ever, when they hear any emergency command, airsickness usually
disappears immediately. This shows that from its occupying a

major position, vibration and bumping can retreat to a secondary
place. After the emergency command is removed, airsickness often
returns which explains that at this time the aircraft vibrations

and bumping stimulation again return to a dominate position.

Section Three General Laws of Physiological Effects

1. Basic Viewpoints on Physiological Effects

Before discussing the specific phenomena and mechanisms of
physiological effects, we will first introduce a few basic view-
points.

1) Organic Viewpoint

The human body is an organic whole and by means of the nervous
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and body fluid regulatory system, the functions of each organ
are mutually related, mutually conditioned, mutually coordinated
and form a unified whole. As such, the reactions of any aviation
and space navigation environmental conditions and factors on the
human body always maintain a unified whole and thus the person is
not subjected to harm. This is not to say that under certain given
conditicns the reactions of organs and systems all follow the same
qgualitative and guantitative pat£erns. On the contrary, the re-
actions of each organ are not only different in any given moment
but some are original which is the first level of environmental
factors, some are continuous which is the second and third levels
induced from the first level of reactions; some are strengthened
actions and some are weakened actions; some reactions are
mutually coordinated and some are mutually opposed; some are
excited and some are restricted. However, no matter what the organ
reaction, coordinated or opposed, strengthened or weakened, their
physiological tendencies are unified which is the maintenance
and recovery of normal physiological functions, the preserving
of relative stability of the body's internal environment and the
reaching of a balanced state in the actions of each organ and
system.

2) Generality and Particularity

The qualitative and quantitative differences of each organ
reaction mentioned above are manifestations of their particular-
ities. Moreover, the tendency of their actions tend towards

maintaining a balanced state in the body's internal environment
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and function. This is their generality. Generality and particul-
arity can hold a great deal of meaning in the field of particular
environmental medicine such as in individual differences (partic-
ularity) and colony averages (generality). The larger part of this
book represents the average of the colony. What we want to call
attention to here is that the colony average does not represent
the parameter of the individual and therefore, when using it in
concrete situations, we cannot overlook individual differences such
as the functioning state of an individual at a given time and the
subjective activities of an individual.

3) Internal and External Causes

"External causes are the conditions of change, internal
causes are the basis of change and external causes become opera-
tive through internal causes". In the field of aeronautical and
aerospace medical science, environmental conditions are external
causes while the functioning state (including each organ) of the
body's internal environment and functioning and subjective flex-
ibility and initiative make up the internal causes. The actions
of external environmental conditions on the human body are real-
ized through the functions of the body's internal environment and
each organ and system. Whatever the functioning state at the time
‘and whether or not subjective flexibility and initiative play a
role, it can greatly change the effects of external causes. For
example, acclimation, training and exercise can raise a person's
endurance to certain harmful environmental factors and this re-

sults in raising the body's functioning state and subjective
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flexibility. It cannot be denied that the capacity of the human
body to overcome particular environmental harm has fixed limita-
tions. People cannot endure surpassing these fixed limitations
with the result of the development of sickness or harm to the
organs. Even if it is thus, external causes always become oper-

ative through internal causes.

1l1. Qualities and Characteristics of Physiological Effects

The reactions of the human body towards particular aviation

and space navigation environmental conditions is extremely com-
plex and the consequences are also varied. The various patterns
of physiological effects can be divided and discussed in three
categories.

l. Light and Middle Degree Harmful Environmental Effects

So-called light and middle degree environmental effects
point to the effects of the human body's ability to ccmpensate,
adapt and acclimate. If the human body can produce permanent
compensation, adaptation and acclimation it is necessary that:
1) the human body have time to develop compensation and adapt-
ation; 2) the external environmental conditions continue to
exist or be able to have repeated action; 3) the body's func-
tioning state be normal. If we use low pressure lack of oxygen
as an example, the organism's compensation action is multi-
faceted, some are very fast or occur immediately and some only
act after a specific amount of time. If the amount of breath

taken in the lungs and cardiac output are increased there is a
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fast reaction and if the red blood cells and haemoglobin are
increased then it is slower so that the lungs' abilities are thor-
oughly improved and there is economizing of oxygen in metabolism,
chen it is necessary to have a longer period of time. It is
necessary to recognize that for the environmental conditions

most people can adapt to, there is a minority of people who cannot.
Using the example of low pressure lack of oxygen again, for some
people, no matter how long they live in a high mountain or
plateau area, they still show indications of sickness. For these
people, most important is that the internal causes have defects,
Zor example, congenital sickle cell anemia. There is also a very
small minority of people who because their adaptation was vigorous,
sroduced "many symptons of adaptation sickness". This is because
in the adaptation process the chain reaction of nerve =+ anterior
pituity - adrenal cortex too often caused the exhaustion of cortex
normones.

2. Effects un Heavy Degree Harmful Environments

So-called heavy degree indicates break out with great force

and the apriied force is also very great. This type of effect often

causes serious harm to the extent of threatening life and the human
body has no chance to regulate or compensate. We can only take
protective measures beforehand for this type of situation. For
example, situations in which an airtight cabin suddenly leaks gas

and causes explosive decompression or the surgical wounds caused

by aircraft collisions are very dangerous. For the most part, these

types of injuries occur on unexpected occasions and are not too
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tikely to occur in most aircraft and spaceships.

3. Compensation, Adaptation and Acclimation

Compensation, adaptation and acclimation are important types
of physiological safeguard mechanisms for the human body to deal
with particular environmental factors. They are limited to actions
that are not too strong or violent and do not at one time cause harm
to the organism. Because compensation, adaptation and acclimation
require a specific amount of time, when the organism has already
been severely injured, only emergency clinical treatment and cure
can be used. Compensation mechanisms differ in accordance with the
various stimulated factors and for the most part involve the trans-
forming of many physiological functions. This is the basis of
adaptation. when an organism reaches the adaptation stage of a
harmful environment, the previous harmful effect will not occur
again. So-called acclimation is the development of adaptation to its
highest stage wherein people will not again, subjectively or
objectively, have harmful feelings and reactions toward a harmful

environment.
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PART TWO

MEDICAL PROBLEMS OF GRAVITATIONAL CHANGES AND POWERED FLIGHT

General Remarks

When an aircraft is in aerial flight, it can be divided
into two types of situations. One type draws support from en-
gine thrust which is called powered flight. The other type is
when there is no engine thrust and there is only support from
the aircraft's inertia. This is called powerless flight. Pow-

ered flight can cause bumping, vibration, oscillation, turning

somersaults and noise and overweightness can be produced by the
motions of acceleration and deceleration. The relation of the
qualities of these factors and an organism have already been
briefly described in chapter two. This part will discuss the
gualities of particular conditions under three major groups.

The first group is related to gravitational changes. For
example, overweightness is a large increase in gravitational
force; impact is a type of overweightness wherein the time is very
short (< 0.3 seconds), the numerical value is extremely large and

the overweight growth rate is very high; vibration is a type of

;ereralized overweightness in which the numerical value and dir-
ectional period often change repeatedly. All of these belong to
the changes of gravitational force, that is, overweightness.

The second group is related to angular acceleration. For
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example, when turning or performing a somersault there is angul-

ar speed and oscillation are the angular acceleration in which

the numerical value and directional period often change repeatedly.
Angular acceleration is also a type of gravitational change, but
aside from the larger overweightness created in high speed turns
and somersaults, the physiological effects of most angular accel-
eration are related to the reactions of the vestibular organ and
the vestibule-autonomic nervous system reactions and motion sick-
Ness caused by the acceleration., Because the physiological effects
are caused by gravitational changes from angular acceleration, they
are in a secondary position. Therefore, there are physiological
differences between the conditions of the first and second groups.

The third group is noise produced by air vibration. This
air vibration effects the human body.

In aviation and space navigation, there can also be weight-
lessness and low gravity, for example, the weightlessness after a
spaceship enters an orbit around the eart  and low gravity en-
countered after landing on a celestial body (for example, the
moon) . Although they are not produced from powered flight, yet
because all belong to the category of gravitational change, qual-
itatively, they belong to the same category as the conditions of
the first group. For convenience of narration, we also placed it
in this part of the book on powered flight.

Generally speaking, ia this part of the book, we investigated
the possible gravity change conditions encountered in aviation and

space navigation as well as the possible environmental conditions
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encountered in powered flight and their influences on the human

body and safeguard methods against them.
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CHAPTER FOQUR

*
INJURY AND PROTECTION OF OVERWEIGHTNESS

Section One - Preface

1. Attraction Force Acceleration, Acceleration, Gravitalational
Force, uverweightness

When any aircraft is in aerial flight it is always the
result of the action of force and the changes of this type of
force necessarily become the responsibility of the controllers
and passengers. Most aviation and space navigation is variable
motion and the path of motion is the result of the combined force

action of various forces (gravitational force/ attraction force,

lift force, the pulling force/thrust of an engine). The changes
of force can have physioclogical effects on people.

Although the earth moves at a uniform speed of 24.9 kilo-
meters per minute, people on the earth's surface do not suffer
any feelings of uncomfort. This is because uniform speed has no
changes of force and does not cause reactions in the organism. In
most situations, changes in force can cause stimulation and re-

actions in the organism. This is one physiological law of the

effect of outside forces on the human body.
When in flight, because of speed and course changes the
reacting forces of directional reversals and large and small phases

can produce effects in the organism, thus there appear shifts,

vibrations and extruding of the tissues. Physiologically, organ
* Z%o0ad as- excess acceleration- "G's"
2 2

tive overweizhtness= + G's
i7e overwelghtness= - G's (34q)
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tissue weight changes appear first which are the increases and
decreases of gravity.

B2cause of the earth's attraction the human body can also
produce specific gravitational force (weight). On a latitude of
45°, the gravitational force produced by the earth's attraction
causes the acceleration of a substance formed from the descent
(the earth's attraction acceleration) to be -

2
G = 9.8 meters/second
The above formula shows that the gravitational unit G is indicat-
ed by its produced acceleration.

+f the human body is influenced by powered flight and causes
the gravitational force (the normal weight on the earth), the
normal state of tissue organs to produce changes, when the numer-
ical value of this type of change is greater than one G it is
called overweightness and when it is smaller than one G it is

called low weight. If G is equal to O, this is called weightless-

ness. Because of this, the word overweight is a physiological term.

Overweight points to a specific time when the human body is under
outside force and the tissue organs are in a gravitational state
greater than its normal state on the earth's surface. The physio-
logical process which is manifested from the effect of the force
on the body is the so-called overweight physiological state. The
measurement of weight of this type of state, besides some indices
in medicine and physiology (such as heart rate and breathing
changes), is still commonly used to indicate the size of the grav-
itational acceleration of G.
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The physiological effects of overweightness are conditioned by

the following physical factors: che size of the outside force
load, the transformation rate of the load (the speed of the in-
creases and decreases of G), the length of action time and the dir-
ection of the force's action. It can be said that the human body's
reaction to overweightness depends mainly on the sizes and changes
of the above mentioned various physical factors.

The gravitational force acceleration of G cannot only be
used to weigh the mechanical state of human body organs - over-
weightness, low weight and weightlessness but it can also be used
to measure the size of the action of aircraft speed changes on the
human body. This is also saying that it can be used to weigh the
size of the outside force load created on the bodies of operators
and passengers in powered flight. As for the human body load, when
the outside force load produced in powered flight is under 3 G, it
can be called light overweightness, when the load is 3-8 G, it can
be called medium overweightness, and when the load is above 8 G,
it can be called heavy overweightness.

Most powered flights are variable motion which is also in-
creased speed or decreased speed motion. The increases and de-
creases of flight speed are in essence a type of acceleration
motion. Increased speed is positive directional acceleration and
decreased speed is reverse directional acceleration.

The changes in flight speed not only change the action of the
outside force load on the flight personnel but at the same time also

change the position oI the human body in space. If an aircraft
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carries a human body to a new celestial body, the organism's
gravitational force will then change according to the celestial
body's attraction changes. This is a direct reason for the chang-
ing of a person's normal mechanical state when on the earth's
surface. Because of this, when analyzing the human body mechan-
ical effects of leaving earth and entering an outer space environ-
ment, besides needing to understand the actions of powered flight
acceleration, we should also look at the celestial body's attrac-
tion changes caused by the environmental shifts of the celestial
body. This is also an important reason for the change of a |

person's normal mechanical state.

2. Aircraft and Spaceship Overweightness

Overweightness can be encountered in everyday life. For ex-
ample, when a fast car takes off suddenly the passenger feels his
body is being pressed backwards and when a car comes to a sudden
stop he feels his body is charging forward. These are all human
body reactions caused by overweightness. dowever, in daily life
on the earth's surface, the numerical value of overweight feel-
1ngs is relatively small and the time is short. People do not feel
unwell and therefore do not pay attention to it. Yet, in aviation
and space navigation, the numerical value encountered is relatively

high and overweight time is longer. This type of overweightness

causes people to feel quite badly and can even cause injury. There-

fore, in aviation and space navigation, overweightness is a problem

worthy of close attention.
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When an aircraft is in straight flight, if there are speed
changes, then overweightness is produced from the existing ac-
celeration or deceleration. For example, when taking off, over-
weightness is produced from acceleration and when landing, over-
weightness is produced from deceleration. When a fighter plane is
performing stunt flying (such as dives and climbs), 2-4 G over-
weightness can be produced and can reach as high as 8-9 G. How-
ever, the time in the highest limit is very short - otherwise a
person cannot endure it. Generally, overweightness in transport
planes and civil aircraft occurs mainly during takeoff and landing
and the numerical value is usually in the area of 2-3 G. Most
pecple can endure this type of overweightness and therefore over-
weightness is not a serious problem in civil aviation,

When spaceships are in powered flight, for example, when

they take off and return to earth and enter a dense atmosphere,

overweightness occurs in accelerated and decelerated flight. If the

spaceship uses a multistage rocket takeoff, after each rocket stage

is launched, the overweight numerical value gradually increases
and when nearing burn out it reaches peak value. After the rocket
burns out, overweightness suddenly drops and then ignition of the
second rocket stage begins and again overweightness gradually in-
<reases. 7This is repeated until the third and fourth stages.
Therefore, if a multistage rocket is used to launch a spaceship,
it is often necessary to go through several sawtooth overweight
increase and decrease processes during takeoff. The peak value of

overweightness is then limited to the 6-8 G range. Chart 2-1 shows

(42)




the overweightness of a three stage rocket in the process of
launching a spaceship. When a spaceship is returning into the
dense atmosphere, larger overweightness occurs. This is due to
the relatively large deceleration from the air resistance on the
spaceship. The highest overweightness of an airship is generally
controlled to 6-8 G and action time is controlled to within sev-

eral tens of seconds.
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Chart 2-1 Acceleration of a Three Stage Rocket

1. Acceleration (G)
2. Time (minutes)

Besides straight acceleration, when aircraft or spaceships
make large angle turns or circles, overweightness is produced by
centrifugal force and is called ray overweightness. Transport planes

and civil aircraft make turns very slowly and the centrifugal force

(43)
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produced is not large so that it very rarely exceeds 2 G. When
fighter planes perform spiral stunts, overweightness can reach
2-4 G. If the position control system of a spaceship is normal,
its turning and circling centrifugal force is not very large.

only when the position control system is abnormal is there the
possibility of falling into a high speed spin wherein the cen-

trifugal force reaches to more than several G.

Section Two - Physiological Influences of Overweightness

The influence of overweightness on the human body is a type
of intertial reaction mechanical force. It can cause relaxed and
suspended organ shifts, soft tissues to be crushed, blood to
undergo kinetic changes, the body to shift, influence limb move-
ment and arouse a series of reflex and compensations reactions.

As soon as acceleration stops, the mechanical force disappears
and organ, tissue and influenced body parts then quickly restore
to health. If overweight strength and time do not exceed the level
of the organism's injury or the body is safeguarded and over-
weightness stops no other illness can be produced. Overweightness
as a type of mechanical force is closely related to the effects
on the human body and its direction of action. For example, over-
weightness in the head + foot direction causes the suspended
organs of the human body (such as the chest, abdomen and internal
organs) to shift downwards and causes the blood to flow down to
the lower half of the body. 1If the direction of overweightness is

from the chest + back, the body's organs and blood shift from the

(44)
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chest to the back. Obviously, the shift range of the former is
much greater than that of the latter and therefore the influence
of positive overweightness on the human body is much stronger than
that of lateral and horizontal overweightness. Because overweight-
ness in different directions have different effects on the human
body, it is necessary to distinguish them.

In aeronautical and aerospace medical science, the over-
veightness in different directions are given different names. The
names of overweightness directly precede the direction of the over-
weightness. For example, head + foot overweightness indicates
overweightness from the head towards the feet. When a person
stands on the earth's surface, the direction of the earth's attrac-
tion is the head -+ foot direction and therefore in aeronautical and
aerospace medical science overweightress in the head > foot direction
is called positive overweightness. Overweightness in the foot -~
head direction is called negative overweightness. These two are
jointly called vertical overweightness. Chest -+ back and back -
chest overweightness are jointly called horizontal overweightness.
Left -+ right and right .+ left overweightness are jointly called
lateral overweightness. Acceleration is a physics term and over-
weightness is a physiological term which some people in science
and technology call "overload". 1Its significance, symbol and
mutual relations are listed in table 2-1 and a figured schematic

chart (chart 2-2) indicates it for easy comprehension and recall.
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Chart 2-2

a. Acceleration direction and name
b. Overweight direction and name

l. Head direction (foot - head) acceleration

Chest - back acceleration
Foot direction (head + foot) overweightness (positive

2. Right ~+' left acceleration
3. Back - chest acceleration
; 4. Foot direction (head -+ foot) acceleration
5. Left » right acceleration
6
7

overweightness)

! 8. Left - right overweightness
' 9. Chest - back overweightness
| 10. Head direction (foot + head) overweightness (negative

overweightness)
11. Right ~ left overweightness
12, Back - chest overweightness
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Table 2-1

19.

22.
23.

24.

25.
26.
27,
28.
29.
30.
31.
32.
33.
34.
35.
36.

Physics and Physiological Names of Acceleration and
Overweightness

Acceleration properties

Acceleration direction

Acceleration name

Symbol

Common name

Overweight name

Physiological name

Symbol

Common name

Straight and ray acceleration (centrifugal force)

Forward

Backwards

Up

Down

Right

Left

Forward acceleration

Backwards acceleration

Head acceleration

Foot acceleration

Right side acceleration

Left side acceleration

Forward and back horizontal overweightness, upwards over-
weightness, chest +~ back overweightness

Back and forward horizontal overweightness, downward over-
weightness, back - chest overweightness

Positive overweightness or head + foot overweightness
Negative overweightness or foot + head overweightness
Left side overweightness or right - left overweightness
Right side overweightness or left - right overweightness
Concave eyeball

Convex eyeball

Downward eyeball

Upward eyeball

Eyeball toward the left

Eyeball toward the right

See chart 2-~2 a

See chart 2~2 b

Vertical seating is most common in aircraft and thus most

overweightness is in the head + foot or foot -+ head directions.

The lying down position is most commonly used in spaceships and

overweightness is mainly horizontal.
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Among the effects of overweightness on the human body, the
most prominent are blood kinetic reactions and suspended organ
and suspended tissue shifts. Yet, following the directional and
time differences in the action of overweightness, ¢their primary
and secondary positions are also different. Taking upright over-
weightness and negative overweightness as an example, the blood
kinetic effects are usually greater than the effects of organ and
tissue shifts. This is because the aorta chiefly distributes
vertically and therefore the blood's up and down flow in overweight
action is greater and the reaction is faster and stronger. 1In
horizontal and lateral overweightness, because most of the dis-
tribution in the horizontal and lateral directions is in small

blood vessels and has many branches, the short blood flow re-~

actions are relatively small. Therefore, the shifts and pressure of

suspended organs (especially in the thoracic cavity - the heart and

lungs) occupy an important position. Aside from this, certain

suspended tissues in the limbs, such as shank muscles, often suffer

pain because of shifts and pressure. These influences then become

important restricting factors for the endurance of horizontal over-

weightness.

In overweight action time, because the blood flows relatively

fast in the initial period of overweightness, the effect caused by

the blood kinetic reaction appears early and then follows the effects

of suspended organ shifts. Human body compensation reactions occur

relatively late and generally require several seconds to over ten

seconds to appear. Some even require a longer period of time and

only after repeated actions do they appear.

(48)
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I. Physiological Effects of Positive Overweightness
The physiological effects of positive overweightness appear
mainly in kinetic changes in the blood, imbalance in the function-
ing of heart blood vessels, changes in respiratory movement and
functions and nervous system and internal organ functions. Among
these, blood circulation reactions are the most outstanding.
1. Blood Kinetic Changes and Their Physiological Effects

(1) Loss of Blood Distribution Equilibrium in the Upper and
Lower Body

When an organism has upright overweightness, blood weight
naturally increases drastically which causes blood distribution
in the upper and lower body to lose normalcy. For example, when
overweightness reaches 7 G, the blood seems as heavy as molten
iron and when it reaches 8-10 G, the blood seems as heavy as mer-
cury. According to the direction of the overweight action, in-
creases in blood weight cause the peripheral blood vessels to fall
to the lower half of the body, cause blood pressure in the lower
half of the body to rise and blood capacity to increase.At the
same time, this creates a deficiency of blood in the upper half
of the body and the supply of blood to certain important organs
(the brain, eyes etc.) is insufficient. As a result, the symptoms
of pale facial coloring, uncomfortable pain and sight deficiency
appear.

After the human body is subjected to 2.5 - 4.0 G positive
overweightness for 15 seconds, the average growth of blood cap-
acity in the lower limbs is 30-40 milliliters and the pressure of
the great saphenous veins increases 40-60 millimeters on the mer-
cury column. When blackened vision occurs the leg tissues in-
crease 1.3 milliliter wvolume per 100 milliliters. If blood

(49)
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pressure in an upper arm artery has a rise in compensation and
the heart beat becomes slower, it is only necessary to have the
overweightness to continue to exist and the blood capacity will
continue to increase until it arrives at a specific numerical
value. Increases in the lower limb blood capacity forms a linear
relationship with the overweight value. For each rise of 1 G
in common positive overweightness, the average shank volume in-
crease is about 30-150 milliliters. The pattern of finger volume
changes is more or less the same as shank volume changes but of
course the absolute value is much smaller. These facts imply that
the changes of volume in suspended parts of the lower and upper
limbs are mainly caused by the changes of blood statics and
kinetics.

(2) Insufficient Blood Supply to the Brain and Eyes

Positive overweightness forces the volume of the blood to
drop to the lower half of the body and this brings on anemia in
the upper half of the body and in its organs. The brain and visual
organs are especially sensitive to this type of condition. When
overweightness reaches 3.5-5 G in a healthy young person, there
can be a serious shortage of blood to the retina which produces
symptoms of grey or blackened vision. Thus, for trained fighter
pilots, when the average reaches 6 G, they experience grey or black-
ened vision. So-called grey vision indicates that the functioning
of the periphery of the retina is lost but the center of the
retina still functions. At this time, the person feels that there

is grey before their eyes and at the same time their peripheral
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vision is lost. If the overweight value further increases, vision
goes from grey to black and temporarily there is complete loss of
vision. There is the feeling that there is a strip of black be-
fore the eyes and the person cannot see anything. Grey and black-
ened vision are the effects of overweightness on the human body
which has reached a serious level. At this time, the ability to
operate an aircraft has been destroyed. In aeronautical and areo-
space medical science, grey and blackened vision are often used as
a norm for people's limit of endurance towards positive overweight-
ness.

3lackened vision is not only a sign of vision loss but at
the same time it also shows that when the human body's highest
nerve center (the brain) is in a state of blood deficiency, this
is a prelude to the functional impairment of the central nervous
system. If after blackened vision occurs overweightness increases
or is maintained, then it is difficult to avoid dizziness, ob-
scﬁred consciousness and even loss of consciousness. 1f con-
sciousness is not lost for a long time, then consciousness and
vision can be quickly restored after overweightness stops or its
numerical value drops and there will be no after effects. On the
contrary, if consciousness is lost for a long period of time, this
can cause irreversible damage to the brain and there is the pos-
sipility of a remaining after effect.

The occurence of vision impairment and an insufficient
supply of blood to the retina are directly related and this has

already been proven in laboratory experiments. For the close
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relationship of lack of blood in the eyes and vision impairment

caused by overweightness, see charts 2-3 and 2-4.

Chart 2-3 Schematic Drawing of a Blood Vessel in the Retina
Shrinking According to the Increases of the Over-
weight Numerical Value

(o)

N\

(e)
Thart 2-4 (Key, next page)
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Chart 2-4 Changes of a Subject's Retina Blood Vessels When There is
Overweightness

a. Prior to acceleration
b. The first period of 4-5 G (+ G}

c. Grey vision occurs
d. After acceleration is stopped

(3) Blood or Body Fluid Seepage

Positive overweightness causes blood to flow down to the
lower half of the body and forces certain tissues to amass too
much blood in this region of the body. Sometimes blood causes
lateral pressure on the walls of blood vessels to continually in-
crease to a specific level. This can bring about extravasted
blood or splits in tiny blood vessels which produces redness and
swelling or purple spots especially at the bends of the body and
in pressure areas.

If positive overweightness is excessively large and is main-
tained for a long period of time, then because lower limb vein
pressure increases, blood flow in veins returning to the heart
is blocked. This causes blood circulation in the tiny blood vessels
of the lower limbs to be obstructed. At this time, there is an in-
crease in the internal pressure of arterial capillaries, plasma
seeps into the tissues, there are splits in the capillaries and
ecchymosis is produced. At the same time as this, the flow of
returning blood in the veins is blocked, the inner pressure in the
venous capillaries increases, the return flow of the body fluid
in the cells is blocked and this causes body fluid stasis and
tissue swelling in the lower limbs. Because the internal pres-

sure of the tissues has increased and produced extruding, there is
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the possibility of limb or hanging position pain and expansion

of surface veins.

2, Heart Blood Vessel Reactions

Overweightness causes the weight of circulating blood in
the vessels to increase and aside from bringing about the above
mentioned series of reactions, it can also cause changes in heart
blood vessel functioning and produce compensating reactions.

Positive overweightness causes blood to flow to the lower
half of the body, brings about a decrease in the flow of blood
returning to the heart and creates a lack of blood in the heart
and cardiac muscle. This then brings about a decrease in heart
load capacity and an increase in blood weight further causes an
increase in heart load. This forms two levels of constriction for
the heart which seriously effects its functioning and notably
decreases heart output. It has been experimentally proven
that when less than 2.5 G positive overweightness last for a long
time, heart output decreases to only 60% of normal rest time.
When positive overweightness continually increases, this can cause
an insufficient supply of blood to the heart coronary and a de-
crease in the amount of blood returning to the heart. At the same
time, it can also cause the heart beat to become faster and the
load of the heart to become even heavier. If, at this moment,
the overweightness is not eliminated or lightened this can cause
rise to cardiac contraction weakness, lowering of blood pressure

and can even cause heart injury and the heart beat to suddenly stop.

(54)




The reaction of the heart to overweightness can also be
shown on an electrocardiogram. For example, in the sinus tachy-
cardia the P-R and Q-T segment shortens, the P wave drops, the S
wave deepens and the T wave levels or inverts. The QRS wave group time
is extended. If there is an accompanying T wave reversal at the same
time as the S-T segment drop, this signifies an insufficient supply
of blood to the coronary artery which can cause the possibility of
lack of oxygen to the cardiac muscle and the danger of heart failure.
However, the cardiac muscle has a specific oxygen reserve so that
there 1s no serious lack of oxygen to the cardiac muscle within a
few seconds. This is to say that generally, a few seconds of over-
weightness does not cause the above mentioned symptoms.

Because positive overweightness causes a large amount of blood
to shift to the lower part of the body, the blood pressure in places
above the level of the heart (such as the carotid artery) drops and
blood pressure in places below the heart (such as the femoral
artery) rises. Blood pressure of the brachial artery is above the
level of the heart. When overweightness reaches a specific numer-
ical value, brachial artery blood pressure drops rapidly and very
guickly reaches the lowest point. At this time, even though over-
#eightness is still maintained at a constant value, brachial
artery blood pressure begins to rise again because of the compen-
sation reaction. After overweightness stops,blocd pressure often
rises to a level higher than the original. For the effects of
overweightness on heart rate, blood pressure and ear non-trans-

parency see chart 2-5.
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Chart 2-5 The Action of Foot > Head Overweightness on Vision,
Heart Rate and Head Area Circulation

1. Heart rate (times/minute)

2. Ear non-transparency

3. Head area artery blood pressure (millimeters on the

mercury column)
Below: A. Loss of peripheral vision (grey vision)
B. Peripheral and center vision completely lost (blackened
vision)

Arterial pressure gradually rises when overweightness has
not yet stopped. This is the result of the pressor reflex of the
carotid sinus and aortic sinus. Chart 2-6 is a mechanical diagram
of this type of nerve reflex regulation. 1In the main artery walls
there are abundant pressure receptors. When blood pressure rises
this arouses the depressor reflex and when blood pressure falls to
a critical 1level this arouses the pressor reflex. The pressor
reflex includes strengthening and speeding up palpitations and

peripheral small artery spasms increase resistance which raises

artery pressure. This type of compensation reaction prevents the
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dropping of the blood pressure and it is gradually restored to
its original level. The reflexive and conscious tightening of
the abdomen also helps the blood pressure to rise. Experienced
fighter pilots have a higher endurance to overweightness. This
is not only because their reflex compensation function is good
but it is also because their subjective activity is higher which
enables them to regulate body position and muscle tension and

thus overcome the decrease in blood pressure.

Chart 2-6 (Key, next page) ‘;
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Chart 2-6 Schematic Drawing of One Ring of Heart Blood Vessel
Self Regulation

A. Heart inhibitory center
B. Blood vessel motor center
C. Respiratory center

D. Carotid arterial body

E. Carotid sinus

F. Aortal arc

G. Aortal body

H. Arteriole

I. Pulmonary artery

J. Upper and lower cavity veins
K. Heart

1 and 3 separately represent the carotid artery and aortal nerve
fiber transmission of an impulse, caused by lack of oxygen, to the
cerebral respiration center to regulate respiration; 2 and 4 sep-
arately represent the sinus nerve and arc nerve transmission of
an impulse, caused by a drastic rise (or fall) in blood pressure,
to the blood vessel motor center and heart inhibitory center. It
passes through the pneumogastric nerve (6) and main vessel nerve
(7) which causes the heart rate to slow down and blood pressure
to decrease (blood pressure decrease causes the opposite action).
Rise in blood pressure in the pulmonary artery, right atrium and
upper and lower cavity veins causes the heart to palpitate
quickly and vein pressure to rise.

The level of the blood pressure drop is related to the level
of the separated heart. Concretely speaking, at eye level with
each increase of 1 G, the average systolic pressure decrease is
32 millimeters on the mercury column and the diastolic pressure
decrease is 20 millimeters on the mercury column. The lowest blood
pressure appears in a continuous 7 seconds of overweightness and
after this it gradually rises. Generally speaking, when eye level
blood pressure is in a 50 millimeter mercury column, vision is
normal and no harm is $mﬁ33§ﬂ . On the contrary, when systolic
pressure drops to under 30 millimeters on the mercury column, this
can cause lower power of vision or blackened vision. When it drops

to pelow 20 millimeters on the mercury column, vision is completely

lost. At heart level, with each increase of 1 G overweightness,
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the average blood pressure decrease is 4 millimeters on the
mercury column and the diastolic pressure does not change. After
overweightness is stopped, heart level systolic pressure rises
and this rise can reach to more than 20-70 millimeters on the
mercury column higher than before the overweightness.

under positive overweightness, the organisn s compensation
reaction causes the heart rate to quicken heart contractions to
become stronger and arterial blood pressure to rise. These com-
pensation reactions generally require a 4-7 second latent period.
vnder 3 G positive overweightness, the average heart rate is
120-130 times/minute, when it is 4 G the average rate is 130-150
times/minute, when it is 5.8 G the rate is 155 times/minute, when
it is 6.2 G the rate is 160 times/minute, when it is 7-9 G the
rate 1s 160-180 times/minute and at even higher overweightness the
rate is close to collapsing. This is also to say that stronger
heart contraction reactions generally only occur when overweight-
ness is not very high. Under positive overweightness, limb
muscles become tense, peripheral blood vessels of the limbs con-
tract and the blood vessel contractions of the lower limb blood
gathered area are even more intense. It can be inferred from
this that the reflex reactions caused by the blood vessel and
muscle receptor input signals give rise to important action in the
above mentioned heart blood vessel compensation reactions.

To sum up, the entire heart blood vessel reaction can
roughly be divided into four phases.

The first is the latent phase. Many physiological imbalance
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short, it is possible that the third and fourth phases will not
occur. If the overweight value is excessively high and growth
rate very fast it is possible that the third phase will not occur
but rather directly enter the fourth phase. For example, if the
fourth phase extends very long, it is possible that after over-
weightness stops the organism will have after effects. Some-
times after the third phase begins, overweightness stops and then
certain physiological reactions continue for some time and are

regained later. This is the so-called after reaction.

3. Respiratory Reactions

When a person is under positive overweightness, the lung
area bangs down and there is extruding of the diaphragm muscle
which causes respiratory difficulty. Its main feature is the in-
crease of the inhaled air/exhaled air ratio. When positive over-
weightness reaches to over 4-5 G respiration becomes very irreg-
ular which is manifested in slow and weak inhaling, forced ex-
haling and even temporary respiratory stoppage. Some people in-
crease their respiration rate and their respiration depth becomes
shallow. Because of increases in respiration rate and greater
humidity, the number of breaths taken by the lungs increases. At
5 G, lung breathing is about 250% under normal weight. However,
after overweightness continues for 5-10 minutes, lung breathing
then tends to become normal.

Another manifestation of respiratory reactions is an in-

crease in the amount of oxygen consumed and a decrease in the
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and compensation reactions do not occur as soon as overweight-
ness begins but rather they only begin to occur after a latent
phase of 4-7 seconds.

The second is the circulation blockage development phase.
At this time, the heart rate quickens, heart output decreases,
blood pressure drops, ear artery pulsation gradually becomes
smaller and finally disappears, and lower limb volume gradually
enlarges. The longer the overweight numerical value, the longer
the continuous time and the more serious the circulation blockage.

The third is the compensation reaction phase. The pre-
viously mentioned heart blood vessel reaction which stimulated
the blood vessel and muscle receptors and was caused by over-
weightness, reflexively aroused the organism to produce a series
of compensation reactions, blocked the continuous development of
these imbalance factors and improved the functioning state of the
organism. Thus, chere was a gradual restoration of the heart rate,
the number of heartbeats gradually increased, blood pressure rose
and the ear artery resumed a strong pulse.

the fourth is the compensation incapacity phase. When the
overweight value is excessively large or the continuous time is
very long, the human body finds this difficult to bear and becomes
incapacitated. Thus, blood pressure continues to drop and finally
collapses and the heart rate is too fast or heart rhythm is ab-
aormal until palpitations stop and the person dies.

The above four phases are not absolute and in reality have

variations. For example, overweight action time varies the
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amount of carbon dioxide exhaled. When positive overweightness
reaches 2 G, lung activity decreases about 5% and at 3 G it de-~-
creases about 16%. The respiratory quotient increases. For ex-
ample, when positive overweightness is increased from 4 G to 6 G,
oxygen intake increases 280 milliliters/minute to 380 milliliters/
minute and the respiratory quotient increases close to 1. When
positive overweightness is 4 G, the artery blood oxygen degree
of saturation is about 90% of its normal state. When positive
overweightness occurs, oxygen intake and lung breathing while
carrying out physical movements is lower than normal. At the
same time, respiration tract obstruction increases and respira-
tion becomes increasingly difficult.

Positive overweightness causes changes in blood distribu-
tion in the lungs, the lower part of the lungs fill with blood
and there is a deficiency of blood in the upper half. When in
a mormal standing position, the blood flow proportion of the
lower half and upper half is 2.7:1 and when under 2 G overweight-
ness it is 5.9:1. If overweightness further increases, there is
a peak lack of blood in the upper half of the lungs. The changes
in the relationship of lung volume and intrapulmonic pressure
under positive overweightness are shown in chart 2-7. The chart
shows that when overweightness is 3 G, intrapulmonic pressure

increases and lung volume becomes smaller.
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Chart 2-7 Thoracic Wall Relaxation Pressure at 1 G and 3 G
Longitudinal coordinate - lung volume (milliliters); horizontal
coordinate - intrapulmonic pressure {(centimeters in water column);
line 1 is 1 G; line 2 is 3 G.

Without a doubt, intrapulmonic blood distribution caused
by positive overweightness is uneven, pulmonary circulation is ob-
structed and pulmonary tissue elasticity is limited. These all are
basic factors which cause abnormalities in external respiration.
The far separated organs, especially the reflex actions of the cir-
culation system and intrapulmonic receptors, are the physiological
basis for regulating respiratory abnormalities. Overweightness

(positive) causes the respiration rate to rise and the amount of

air intake to increase. Actually, this is a type of compensation
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reaction. rhis type of compensation reaction requires a latent
phase of more than 6-10 seconds and after overweightness is fin-

ished, 10-15minutes more are required for recovery.

4. The Effects on Motor Organs

Positive overweightness causes related muscles and suspended
areas to increase in weight, drop in pressure and activity to be
limited. The drawn out reflex of the receptors in the motor organs
causes muscle tension to increase and even the feeling of pain. When
positive overweightness is 3-5 G the head cannot be lifted up and it
is difficult to raise the four limbs. The cheeks, lips and lower
jaw hang down and spasms and pain in the gastrocnemius are possible.
After relatively high overweightness, this pain can continue for
several days. An electrogram of the muscle showed that the ampli-
tude became larger and motor units increased. The strengthening of
muscle capability was beneficial to pressure of the peripheral
blood vessels which forced the blood to flow back into the heart.

This is also one of the organism's compensation reactions.

5. The Effects on Internal Organs

Positive overweightness causes the abdominal cavity to hang
and internal organ tenesmus. The digestive tract is pulled by the
weight which causes nausea and an increase in rectal secretion.
At this time, intestinal peristalsis is stronger and periodic pain
can occur in the abdomen. When positive overweightness is relative-

1y great, a drastic increase in otoconial gravity and pressure on
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its lower tissues can cause light oedema and bleeding in the

otoconial organ.

6. Cerebral Function Changes - the Electroencephalogram

The compensation reactions of the human body are controlled to
a very great degree by the central nervous system. One of
the after effects of an overweight value increase is cerebral anemia.
This causes large or small obstruction of the functioning of the
central nervous system. Changes related to sensory perception and
flight capability will be introduced in a later chapter. Here we
will briefly discuss the reactions of the electroencephalogram.

Research carried out on humans and animals has proved that
positive and horizontal overweightness cause basically similar
rhythm changes in the electroencephalogram. However, horizontal
overweightness requires a higher overweight value to be able to
bring about similar electroencephalogram changes. For the most
part, cthe electroencephalogram changes caused by positive over-
weightness can be divided into four phases or traits.

The first phase shows medium increases in g rhythm ampli-

tude and the 2 rhythm and slow wave changes are not large. This

L v

hase »>{ten appears between 3-4 G positive overweightness and 5-8
aorizontal overweightness. If overwelghtness continues to

-?m

2ase at the same time as the B wave and non-synchroniz wave

}
(.)

increase 1n strength, a rhythm synchronic change can be seen to
follo The spectrum and amplitude of the slow wave do not
show any no*ablp changes.

The second phase occurs under 5 G positive overwelghtness
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and 8 G horizontal overweightness and especially when the ?
rhythm is strengthened and the o rhythm is synchronized.
'he third phase occurs under 6-7 G positive overweightness
and 9-10 G horizontal overweightness. Its special characteristics ‘
are that the o and g8 rhythms gradually decrease and are replaced
by the 3 rhythm and ¢ rhythms.
The fourth phase occurs under even greater overweightness !
and its special feature is that the electroencephalogram uses a
1-7 cycle/second slow wave.Following increases in overweightness,
frequency becomes lower and lower and finally loss of conscious-
ness occurs. At this time, the electroencephalographic wave com-
pletely disappears.
At present, we still have only a smattering of knowledge
about the physiological significance of the electroencephalogram
and because of this, exactly what cerebral processes the above

four phases represent is still difficult to precisely explain.

7. Other Physiological Effects

Besides the above mentioned physiological effects, positive
overweightness can also cause an organism's metabolism to increase
as well as active changes in the number of red blood cells and
internal secretion. It can also bring about 2 lowering of skin
resistance, a decrease in urine quantity and runctional changes in
the autonomic nervous system. These all show that the organism's
reaction to positive overweightness is an organic multi-faceted

chain effect.
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II. Physiological Effects of Negative Overweightness

Negative overweightness is overweightness in the foot -«
head direction and is equivalent to a person's head facing down-
wards while hanging by the feet. This type of overweightness occurs
in aircraft and space ships during inverted flight, when turning
somersaults and during rapid deceleration. The effects of negative
overweightness on the organism can be discussed within the follow-
ing areas.

l. Blood Circulation

Negative overweightness causes the blood to flow to the
upper half of the body, blood pressure in the head to rise and
blood pressure in the lower limbs to drop. For example, when neg-
ative overweightness is 3 G, carotid artery pressure rises to 80
millimeters on the mercury column, at 5.2 G, it rises to 110
millimeters and at 7 G, it rises to 200 millimeters. Beginning
from 1 G, the average carotid artery pressure increase for each
negative G raise is 20 millimeters on the mercury column. There is
a rise in the blood pressure of the upper half of the body and
after negative overweightness is finished, it still continues for
about 15-20 seconds. Because there is an excess of blood flowing
into the head, the head area fills with too much blood which can
cause palpitations in the temple artery, scalp tenseness, head-
aches, swelling of the head, plumpness in the throat area and
swelling in the face. The seriousness of the face area filling
with blood is the hemorrhaging of blood capillaries which cause

ecchymosis and brings on severe pain. Under relatively large
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negative overweightness, tissue fluid in the face and neck areas ,
can seep out from the cells which can cause dropsy of the face i
and neck and even form blisters. Excessive filling of blood in

the conjunctiva can also cause the feelings of a -foreign body or
more serious cases can bring about hemorrhaging of the conjunct-

iva and nose.

2. Eye and Brain Area Hyperemia

[EPS N N——

Negative overweightness over 3-4.5 induces hyperemia in
the head area, brain area and eyes which causes a person to feel !
that their head is swelling and is going to crack, their eyes are
protruding and similar pressing feelings. When the eyeballs
swell with pain, conjunctiva hyperemia can reach a level of stab- t
bing pain and a brilliant red appears in the field of vision which
is called "red vision". There is still no unified acknowledgment
of the reasons for red vision. Some people think that it is
caused by retina hyperemia; some people then deduce that it is
because the lower eyelids shift upwards, cover the cornea and when
light rays pass through the eyelid blood vessels, this produces
red vision. There are also people who hypothesize that it is due
to conjunctiva hemorrhaging which causes tears to become a red
color and these tears are spread on the cornea.

When negative overweightness is larger and action time is
longer (over several seconds), this can further cause halting
movements, directional obstruction,blurriness and even loss of
consciousness. Yet, generally speaking, negative overweightness i

which does not last long does not cause brain hemorrhaging.
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When negative overweightness is relatively great, it can cause
a slow wave on the electroencephalogram and after negative over-
weightness ends, the slow wave can continue for several seconds
to several tens of seconds.

3. Heart Blood Vessel Reactions

When the amount of blood doubles because of negative
overweightness, to maintain circulation, the heart works
to accommodate this acute increase and therefore produces a
specific change in its function - a two phase change in the
heart rate. If negative overweightness is under 3 G, the heart
rate decreases in accordance with the increase in negative over-
weightness. The heart rate drop is the reflex result of the
pressure receptor induced by the rise in carotid artery pressure.
Thus, when negative overweightness is relatively great, the heart
rate increases due to the compensation functions of the organism.
An electrocardiogram indicates that when a person is exposed to
3.5 G negative overweightness for 10-15 seconds, the heart rate
drops 4-6 times/minute and sometimes a temporary (several seconds)
stop of palpitations and heart rate irreqularities can be ob-
served. These types of symptoms increase in accordance with the
increases of the overweight value. The electrocardiogram of nega-
tive overweightness seen in chart 2-8 shows the electrocardio-
graphic changes when negative overweightness 1is 3-4 G. The heart
pulse becomes slow because the carotid artery pressure rises
which induced a type of depressor reflex. Other heart changes,

whether they are due to mechanical pressure or reflex results
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aroused by blood filling the head area and heart shifts, are
still not completely clear. X rays showed that without a doubt
the small changes and shifts of the heart outline could effect

the electrocardiogram.

Chart 2-8 Electrocardiogram of a Dog Under Negative Overweight-
ness (-G_)
z

. Catalectic systole
. EXtra systole

. Slow palpitations
. Distant PR waves

oW N

Blood pressure changes are also important signs brought
abnut by negative overweightness. Chart 2-9 shows the arterio-
venous pressure, electrocardiagram and respiration of a dog under
7 negative cverweightness. It can be seen that carotid artery pres-
sure and venous pressure both rose, cardiac movement was slow
and irregular and respiration was suspended. When carotid
artery pressure rose very high it reached to 300 millimeters on

the mercury column. This is because the action direction of
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liguid static pressure and the kinetic direction of the heart's
pumping of blood are the same and when the two are placed to-
gether, very high blood pressure is created. High blood pressure
of the carotid artery increases brain blood pressure and only be-
cause of limitations by the skull and because the cranial cavity
volume does not change, the blood vessels and amount of blood can-
not expand unrestricted. Moreover, high pressure in the skull
advances cerabral vein blood flow and thus alleviates the tend-
ency for brain blood pressure to rise. Besides this, high arter-
ial pressure stimulates the carotid artery sinus to arouse a de-
pressor reflex and the heart rate to become slower thus causing
the arteriovenous pressure difference in the brain area to be-

come smaller.

Chart 2-9 Respiratory and Circulation Changes of an Anesthe-
tized Dog Under Negative Overweightness (-5 G)

Electrocardiogram

G value

Arterial pressure

Venous pressure

. Respiration rate indicates overweightness begins

Ut o N
«
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6. Time (seconds
7. Millimeters on mercury column

Some people think that the obstruction of consciousness
caused by foot * head overweightness is not necessarily due to
hyperemia in the brain area but is partially due to the mechan-
ism of analogous carotid sinus syndrome. The facts listed in
chart 2-6 show that the excessively high blood pressure of the
carotid artery formed a strong stimulation of the inner pressure
receptor which reflexively caused the heart pulse to suddenly
stop and then the blood pressure dropped to a very low level. At
this moment, cerebral anemia and fainting are possible and the
length of heart palpitations determine the length of fainting.
In this way, negative overweight action time cannot be very long
for when it is very long it is difficult to endure.

4. Respiratory Reactions

Respiration difficulty is mainly created by shifts of the
diaphragm and pressure on the lung area. At the same time,, one
of the reasons for respiration difficulty is the abundance of
blood in lung circulation. Under 3 G negative overweightness,
the respiration rate rises slightly (the increase is under 3-4
times/minute) owing to the compensation function of the human
body, moisture volume drops 120-150 milliliters and lung act-
ivity decreases (lowers about 1,000 milliliters). Yet, under
3 G negative overweightness, the respiration rate drops. Very
high negative overweightness can also cause respiration to stop

completely.Arterial blood oxygen saturation is also decreased by
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the impairment of respiration.
5. Upward Shifts of Organs and Tissues

Negative overweightness causes suspended organs and tissues
to shift upwards. Diaphragm upward shifts force the heart and
lung outlines to shrink. Upward shifts of the eyeballs cause the
feeling that the eyeballs are protruding out of the eye sockets
and that the eyelids are difficult to move. Upward shifts of the

limbs causes difficulty in muscle movement.

III. Physiological Reactions of Horizontal Overweightness

In horizontal overweightness, whether it is back -+ chest
or chest » back, the physiological reactions caused by body
fluid weight increases are generally lighter than in positive
and negative overweightness. This is especially true in blood
kinetics because the great majority of large blood vessels in
the body are distributed along the long axis of the body and thus
their blood flow is effected little by horizontal overweightness.
Body fluid forward and backward (chest ~+ back or back - chest)
shifts are limited to smaller blood vessels and therefore do not
seriously influence the supply of blood to the head. The internal
organ shifts created by horizontal overweightness are naturally
in the forward and backward directions and they are less serious
than those in negative overweightness. Below we will describe
the main actions of horizontal overweightness.

1. Influence on Respiration

When horizontal overweightness is below 6 G, besides feelings
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of specific pressure maintained in weight areas, there are gen-
erally no other feelings. Sometimes there are feelings of spec-
ific pressure in the back area and sometimes there are feelings
that the chest and rib bones are pressing the lung area, yet
they are relatively weak. This is because pressure distribution
is relatively even and the bearing area is wide and therefore
is not easily detected.

Starting from 6-83 pressing on the chest-abdomenal area
becomes gradually more noticeable, respiration difficulty grad-
ually increases and chest stuffiness and pain sometimes occurs.
It can be seen from an X ray that compression of the lungs
presses on the ribs and spine in the back. 1If the direction of
overweightness is from the back to the chest, besides lying in
a reclining position, pressure will be lighter because the
tresst bone can shift outwards from the pressure. Mechanical

i pressure on the lung tissues will cause a series of respiratory
abnormalities. When pressure acts in an appropriately main-
tained area such as the back resting on a chair or bed, there

are no uncomfortable feelings. Or. the contrary, although pres-

sure from the back to the chest is relatively light, it is

easy to feel uncomfortable. X ray fluoroscopy shows that under

chest =+ back overweightness, upward diaphragm shifts are

caused by pressure on the lung cavity and this is also one
reason for respiration difficulty.
Respiration difficulty and chest pains are one limiting

factor of endurance to horizontal overweightness. The starting
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point of respiration difficulty follows the different directions
of overweightness. Those from the back to chest occur earlier #
because the chest and backbone can move and the abdomen has no
bone covering. At the same time, it is also necessary to sus-
tain the weight of the spinal column and pelvis and safeguard
single flexible ribs as their sustaining ability is weak. If 1
the action of overweightness is from the chest to the back, pres-
sure is on the spinal column and the internal organs in the
chest-abdominal cavity press towards the back. Because the back
has the support of a chair or bed, support is relatively strong 1
and thus respiration difficulty and chest pains are relatively
mild. Generally speaking, the respiration difficulties caused
by horizontal overweightness occur at over 8 G.

Under horizontal overweightness, very large variability
and diversity appear in respiration recordings. It not only
follows the size and variation of the G number but also has dif-
ferences according to the individual's reactions. Although the
majiority of people begin to show exhaled carbon dioxide lung

lume, lung activity, moisture content and pulmonary alveolus
..:rzases when chest » back overweightness is over 4 G, respir-
-~ rate and exhaled oxygen content rise. Beginning from 5 G,
+=Lrw changes are more noticeable. They appear in respir- -
1" increases and moisture and the highest respiration ;
-»ases. For example, when chest » back overweight-
~ne highest respiration volume drops to 60% of |

+. .~ and when overweightness is even higher, this ‘
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causes respiration irregularities and suffocation. Sometimes
inhalation stops midway which results in rapid respiration.
Aside from this, many other respiratory irregularities occur.
In spite of this, under 12 G, voluntary respiration is not ob-
structed. Proceeding from this point, it can be said that en-
durance to horizontal overweightness is relatively high. Tables
2-2, 2-3 and 2-4 outline the tendencies of respiratory changes

under horizontal overweightness.
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Table 2-2 Respiratory Reactions of Chest + Back Overweightness

1. Item

2. Comparative value

3. Respiration rate (times/minute)

4. Moisture volume (milliliters)

5. Respiration volume per minute (liters/minute)

6. Nitrogen discharge {(liters/30 seconds)

7. Oxygen consumption (milliliters/minute)

8. Pulmonary activity

ORL] |56 @am Y @m\ i 12G
PR & (K/ ) } 13.5:4.0’ 22.21£6.4 ; 13.6414.2129.0214.2 | 14.424.4 39.220.2
ANER(ED 580£125 1 4812179 . 635%204 411 £ 140 500£243 . 318208
SWRRBBRGE/H) 8012 | 10.942.0, 8.5%2.6 | 12.2£2.0| 8.521.8  12.526.8

Table 2-3 (Key, next page)
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Table 2-3 The Effects of Chest —> Back Overweightness on Res-
piration Rate, Moisture Volume and Respiration
Vvolume Per Minute

l. Comparison

2. Comparison

3. Comparison

4. Respiration rate (times/minute)

5. Moisture volume (milliliters)

6. Respiration volume per minute (liters/minute)
@ﬂnmau j 16 ' ‘G [ 6G ! 86
4 Y0 sazoss 2.78£0.67 1.48£0.67 \ -

|
B '_Ldlz-% 43041 | a3rzx0.52 . 2.26£0.70 ‘ 1.5020.48

Table 2-4 The Effects of Chest - Back Overweightness on Pul-
monary Activity

1. Overweight Direction

Following the shrinking of moisture volume, there is pul-
monary extravasated blood and lack of blood in the pulmonary lobe
and cardiac output decreases. Blood oxygen saturation began to
decrease 13% after one-half minute at 6 G and at 8 G it decreased
2Z -25%.

Another effect of horizontal overweightness on the lungs is
tteuneven distribution of blood in the lungs. Chest - back over-
weightness causes blood to collect in the back side of the lungs
and back =+ chest overweightness causes it to collect in the front
side of the lungs. Because of this, there is created partial pul-
monary alveolus deficiency of blood and partial pulmonary alveolus
hyperemia. This {nfluenced the gas exchange between the pulmonary

alveolus and blood and caused a decrease in arterial blood oxygen
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saturation.

The adoption of a suitable posture can decrease respira-
tion difficulty caused by chest ., back overweightness and per-
haps produce respiration symptoms under higher overweightness.
For example, when the body is inclined forward 25°, there is a
withdrawal of 2 G of moisture volume as compared to when in a
positive seated position. At the same time, there is improve-
ment in other respiratory targets.

Back -+ chest overweightness and chest . back overweight-
ness are dissimilar, that is, the internal organs press forward
and not back. Because of this, chest and abdominal pains occur.
These pains often become a restricting factor in endurance to
back ~ chest overweightness. When the chest-abdcminal area is
firmly bound, the above mentioned situation can be improved and
endurance can then correspond to chest + back overweightness.
The mechanical pressure sustained by the chest area under back -~
chest overweightness is smaller than under chest _ back over-
weightness and therefore respiration obstruction is relatively
small. When back — chest overweightness is under 8 G, this gen-

erally produces serious respiration difficulty.

2. Influence on the Cardiac Blood Vessel System

Horizontal overweightness causes pressure on the chest and
the heart undergoes position shifts and changes in shape. The
outline of the heart shrinks, the heart's front outline is level

and the heart shifts towards the back. The large veins in the
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thoracic cavity and the left and right atria receive the most
pressure because the pressure on the inside of the thin walls

is small and the pressure there is the easiest to subside. When
chest -+ back overweightness is over 12 G, this area's circula-
tion system blcod flow stops, thus causing a decrease of filling
in the right side of the heart, a great decrease of blood supply
to the lungs and even causes a severe lack of blcod saturation.
Fortunately, the surrounding of the pulmonary artery and right
atrium have soft tissue or body fluid so that aside from when

the overweight value is very large, they are generally unlikely
to be pressed to complete blockage. However, its influence can-
not be overlooked. Chart 2-10 shows the changes 0of an electro-
cardiogram, the volume of the left side of the heart and the
pressure in the left ventricle. 1If a curve of the relationship
of volume and pressure is drawn, it can be seen that the pressure
drop cannot cause the volume to produce a corresponding increase.
This is because at this time there is a decrease of blood in the
pulmonary vein entering the heart. Only if the volume increases to
a specific level can there be an increase in pressure and yet when
the pressure increase is slow it does not increase in proportion
to the volume. This is because the amount of work of each heart
beat has decreased. The changes of the electrocardiogram re-
corded in chart 2-10 have still not yet appeared. Yet, at over
12 G, we often see extra systole, T wave inversion, atrium weak-

ening and serious sinal rhythm irregularity.
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Chart 2-10 Cardiac Blood Vessel Kinetic Data on a Typical Case
(Anesthetized Dog) of the Effect of Horizontal
Overweightness

a. Relation of left ventricle volume and its pressure: when
there is overweightness, the left ventricle volume greatly de-
creases and the amount of work per pulse (the volume-pressure
circle area can be taken as representative) also decreases and
thus pressure also continues to decrease. This shows that when
pressure is put on the heart, it becomes harder and easily ex-

pands.

1. Electrocardiogram
2, Ventricular pressure
3. Heart volume

b. Relation of left ventricular pressure and its volume

4., Left ventricul volume (milliliters)

5. 0.1 seconds

6. Left ventricular pressure (millimeters on mer-
cury column)

7. Left ventricular pressure (millimeters on mer-
cury column)

8. Left ventricular volume (milliliters). (Heart
rate=110 times/minute)

If horizontal overweightness is not very large and exposure

(80)

-




T

time is not very long, then the heart rate generally rises. For
example, at normal gravity, the heart rate averages 75 times/
minute, when chest ™ back overweightness is 6 G the heart rate
speeds up to 140~150 times/minute and at 8-12 G it can increase
to 180-190 times/minute. If the overweight value is even greater,
then the heart rate lowers and when the overweight value is over
15 G the heart rate can become very slow and the accompanying
rhythm is lost. If overweight time is excessively long, the heart
rate also drops and after 15-20 seconds of exposure to chest -+
back overweightness of 12 G, the heart rate can decrease 50%. If
there is only 2 G chest -+ back overweightness and if exposure
time is excessively long, this can also cause the heart rate to
lower.

Blood pressure rises under horizontal overweightness and
its developmental trend is similar to that of positive overweight-
ness. However, it only occurs when the overweight value is rela-
tively large. Under horizontal overweightness, peripheral blood
vessel resistance hyperfunction can also be observed. When

chest » back overweightness is 4-5 G, peripheral blood vessel re-
sistance increases 29-38% and after overweightness ends, peri-

pheral blood vessel resistance is 37% higher than normal. Qne of
the mechanisms of human body compensation for horizontal over-
weightness is continuous storing up of blood in the pulmonary
artery which is shown in pulmonary movement, rises in venous
blood pressure and the unbalanced systole volume in the left and

right ventricles. An increase in overweightness causes blood

(81)

b SEWY

D e T P —




pressure in the right atrium to increase and 5 G overweightness
can cause a threefold increase in its pressure.

UUnder horizontal overweightness, blood pressure changes in
the whole body are relatively small. This is because blood pres-
sures changes are determined by the level height of the distantly
separated heart. 1If lying on the back, lying on the stomach or
lying on the side postures are adopted, although the head is above
the level of the heart, the difference in height is very small and
therefore the liquid static changes are not large and the effect
on blood pressure is also relatively small. Further, for the in-
fluences of ﬁorizontal overweightness on blood kinetics, besides
the already mentioned pressed cavity veins and atrium, the others
are not worth mentioning. This is because the influence of horiz-
ontal overweightness on side vessel fluid static pressure is not
great. Therefore, if the overweight value reaches 12 G, vision
obstruction is very rarely observed.

3. Effects on Digestive and Excretory Functions

Horizontal overweightness has a specific effect on the
secretion of gastric juices. After 30 seconds exposure to 2-5 G
overweightness, the secretion of gastric juices is seriously re-
stricted. This can last for 10-30 minutes and later change to be-

come an excitation stage wherein there is a drastic three to five

fold increase in secretion. When the chest -+ back overweight
value reaches the limit of endurance, overwe..ghtness is excessive-
ly strong and the restricting effect of the secretion of gastric

juices can continue for as long as three days. Acidity rises and
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enzyme activity decreases. At the same time, certain digestive
enzyme protein synthesis functions are also inhibited.

Horizontal overweightness can also cause the appearance of
red and white blood cells and a small amount of protein in the
urine. The urine discharge rate increases and there is a large
increase in the amount of potassium and chlorine discharged. Under
greater overweightness, liver cells show adipose infiltration.
This type of effect can last 2-30 days after overweightness has
stopped.

4. Crush Injuries of Places on the Body That Are Pressurized

When the horizontal overweight value is very great, the
growth rate very fast and action time relatively long, there is a
lack of flexibility on the back as well as a deficient binding
and support system, then it is possible for the body to sustain
injury from pressure. Centrifugal machine experiments showed
that under chest —+ back overweightness, the pressure of the
area on the back receiving pressure increased, sometimes back
pains and purple spots appeared, chest-abdominal muscle activity
strengthened, amplitude increased and upper and lower limb bend-
ing and pressured areas sometimes produced pain. Limb crushing
injuries and pain is often one of the factors limiting endurance
to horizontal overweightness. Yet, after using suitable pro-
tective measures such as binding straps, soft cushions and sup-
port systems, it can be lightened or avoided.

5. Electroencephalogram Changes

The basis tendency is similar to positive overweightness but
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it appears at a higher overweight level. For the general situa-
tion, see the previous section on the electroencephalogram of
positive overweightness. Below we will further discuss the

special characteristics of related central electric activity

changes under the skin. Horizontal overweightness of 3-5 G causes

the electric activity of a cat's brain reticular structure to
have specific phase changes. The first phase is frequency rise,
the second phase is the transition phase and the third phase is
the stationary phase. Under horizontal overweightness, electric
activity changes of the reticular structure and lower thalamus
often appear prior to cerebral cortex electrogram changes.
Because of this, some people infer that this is because the
reticular structure, mesencephalon and lower thalamus are more
sensitive to lack of oxygen and therefore are effected by
functional changes even earlier than the cerebral cortex. This
explanation seems to be upheld in view of the corresponding re-
lationship of carotid artery pressure decrease and electro-
encephalographic changes.However, some research data has con-
firmed that during the initial period of horizontal overweight-
ness, before blood kinetic changes have appeared, there were
changes in the electric activity of the reticular structure. We
can see that it is not necessarily related to blood circulation
changes.

6. Presenting Symptoms

When horizontal overweightness is under 6 G, generally, aside

from feelings of pressure, there are very rarely any other unhealthy
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feelings. Uncomfortable symptons begin to occur from 6-8 G on

and the most common are cerebral pains, abdomenal pains, muscle
pains, eyelid pains and the flow of tears. Very high horizontal
overweightness can also cause respiration difficulty and heart
rate imbalance. When over 12 G, it can bring on vision defects
and loss of consciousness which is very dangerous. If we con-
sider that it is possible to encounter this type of high horizon-
tal overweightness, then we must give attention to stronger pro-

tective measures.

iﬁ Physiological Reactions to Lateral Overweightness

The increases in body fluid weight and the physioclogical
changes produced from this which are brought about by lateral
overweightness have no differences in the left and right direc-
tions and its effects are smaller than that of positive over-
weightness. The physiological reactions to lateral overweight-
ness are more or less similar to those of horizontal overweight-
ness, but the directions are different. To avoid repetition, we
will only give a brief account of the special characteristics of
lateral overweightness.

1. Crgan Shifts

When lateral overweightness is greater than 6-7 G, the
heart and lungs shift laterally causing left and right imbalance
of the diaphragm and clockwise or counter clockwise turning of
the heart. On one side there is compression and on the other

side there is dilation and on the dilated side there is a
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deficiency of blood. All of these actions seriously effect the
functions of the lungs and heart, especially the heart. Some-
times pains are felt in the brain and there is the uncomfort-
able feeling of trachial pulling as well as respiration dif-
ficulty.

2. Pressure and Tissues

Lateral overweightness can cause stomach intestinal tract
and abdominal organ pressure towards one side. Only because the
abdominal walls relax does there exist a large amount of gas that
can flow within the internal organs and this, aside from when
overweightness is very large, is very critical; or when action
time is excessively long there are usually no apparent unendurable
and uncomfortable feelings. On the contrary, sometimes violent
and continuous lateral overweightness can cause abdominal pains
and the left and right sides to suffer pressure pains.

3. Blood Gathering on One Side of the Body

Because lateral blood vessels are relatively tiny, blood
flow is slow and aside from when overweight time is very long,
it generally does bring about serious symptoms.

Generally speaking, the physiological effects of lateral
overweightness are mainly in heart and lung shifts which greatly
influence the human body. In other physiological reactions,
aside from when overweightness is very large, there is drastic
growth and when action time is excessively long, th;y are gen-
erally not sufficient to cause people disccmfort. Although this

being the case, heart and lung lateral shifts easily bring about
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serious after effects and therefore create a limiting factor for
people's endurance to lateral overweightness. Lateral overweight-
ness can generally not compare with horizontal overweightness

when in a suitable posture.

Section Three The Effects of Overweightness on Flight Capabilities

The effects of overweightness on flight capabilities is, in
practice, a very worthwhile problem to examine, especially because
sometimes prior to the serious physiological reactions brought on
by overweightness, flight and fighting capacities have already
been weakened. This occurs in aviation and space navigation and
therefore we must fully consider the effects of overweightness on
flight capabilities.

The effects of overweightness ©N flight capabilities mainly
appear in the failing of visible space direction and operating
capabilities and especially in the effects on visual capabilities.
This is because sense of vision is a sense passage that occupies
a contreolling position for the pilot. Under negative overweight-
ness effects, vision obstruction also occupies an important place.
The unfavorable effect of overweightness on space directional
capabilities lies in its causing errors in vision and mistakes
in control. The effects of overweightness cn limb activity is
centered on the acute increase of limb weight which causes people
to feel heavy and their activities to be difficult. In this way,
control movements necessarily suffer unfavorable effects. Tremend-

ous overweightness can cause limb heaviness to reach a level of
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basic immovability. Yet, the effect on limb movement capabil-
ities when there is a non-parallel overweight direction is re-
latively small.

When overweightness reaches a specific level, the functions
of the central nervous system can also be damaged which is shown
in non-clarity of consciousness. When serious, there can also be
loss of consciousness. However, this situation cannot be allowed
to appear and is an unshirkable responsibility to be guaranteed
in engineering and medicine. This section focuses on introducing
the effects of overweightness on sense of vision, space direc-
tion and control capabilities. It does not stress the effects of

overweightness on consciousness, thinking etc.

I. The Effects of Overweightness on Consciousness

Consciousness is the reflection of things in the outside
world on the brain. 1t originates in the peripheral receptors,
undergoes nerve signal transmission and finally is the outcome
of going through high level nerve centers. Accordingly, because
the emitted signal receptor is obstructed by overweightness,
consciousness is effected, the central analysor is injured (for
example, lack of oxygen, deficiency of blood, vibrations, strong
stimulations etc.) and it can also disturb consciousness and
space directional capabilities. At the same time, it can also
cause many defects in controlling movements. This chain of
physiological changes can, on the one hand, no doubt excite ar

increase in limb weight. On the other hand, we cannot overlook
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the direct effect of overweightness on the high level center
movement control area. To control the above mentioned physio-
logical change links, below we will cite numerous facts which
are not difficult to explain.

Among the various effects of overweightness on conscious-
ness, sense of vision is the most outstanding. Sense of vision
is essential for flight operation and therefore we will give
a more detailed account below of the major abnormalities causes
in the area of sense of vision.

1. General Vision Obstruction

Positive and negative overweightness can both cause vision
obstruction. If horizontal overweightness does not have the
mixed component of positive overweightness, then it will probably
not cause vision obstruction. Thus, when overweightness causes
the nerve center to become seriously obstructed, it will natur-

ally also be accompanies by vision failure (see tables 2-5 and

2-6).
O arnzann !@smnnmm ! @s 22 | @g E (G
4 , -
L 3 ® ; 4.1 ’ 0.7 2.2~7.1
n ! : 4.7 i 0.8 2.7~7.8
%8R 5.4 ! 0.9 | 31.0~8.4

Table 2-5 Numerical Values of Vision Obstruction Caused by Fositive
Overweightness (1,000 testees, overweight growth rate
was 1 G/second)
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Vision and consciousness obstruction
Average overweight value (G)
Standard deviation (G)

Total distance (G)

Grey vision

Blackened vision

. Loss of consciousness
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Table 2-6 Occurence Rate of Vision Obstruction Under Negative
Overweightness (exposure time - 10 seconds)

1. Vision obstruction

2. Negative overweight value (G)

. Without protection

Used pressure face guard protection
Eye conjunctiva oozes blood

Vision capabilities decrease

. Vision capabilities decrease

Eye conjunctiva oozes blood

O 1N U W
« o

Note: in the table, the numerical values are the
ogcurence rates.

2. Visual Threshold

Positive overweightness causes the visual brightness thres-
hold (the seen brightness value) to radically rise (becomes pcor).
Yet, if a person is wearing anti~load clothing {(which is anti-
overweight clothing) for protection, then this type of effect
weakens. The numerical values of the effects of positive over-
weightness on the visual brightness threshold can be seen in

chart 2-1l1. The effect of horizontal overweightness is much
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smaller than that of positive overweightness.
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Chart 2-11 The Effect of Positive Overweightness on the Visual
Brightness Threshold

a. Central pit vision
b. Peripheral vision

1. Central pit visual brightness threshold (log
picolight)

2. Positive overweightness (+ Gz)

3. Peripheral vision brightness® (threshold (log
picolight)

4. Positive overweightness (+ Gz)

Positive overweightness causes the visual luminosity ratio
threshold (the perceiving brightness deviation) to rise (become
poor). Only in situations in which stimulant strength is weaker
does horizontal overweightness have an effect on the luminosity

discrimination threshold (see chart 2-12).

20 200
30 1 U
4 ®
ﬁ1 ‘/’,,///’ ‘\-gl -"’—",_————1
H ey SR
@‘ et R 3
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0 N O R N A N % N N N B
EMR(+G,) MER(+G)
(0) 6
Chart 2-12 (Xey, rext page)
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Chart 2-~12 The Effect of Overweightness on the Visual Brightness
Discrimination Threshold

Central pit vision
Peripheral vision

oo

Background brightness 0.03 feet* light
Background brightness 0.29 feet*® light
Background brightness 2.9 feet*® light
Background brightness 31.2 feet: light
Brightness ratio (%)

Positive overweightness (+ G )
Brightness ratio (%) z
Horizontal overweightness (+ Gx)

WOJOVv bW+
. .

3. Vision Sensitivity and Visual Power

When positive overweightness increases, visual power (visual
dissociation power) becomes poor yet the effect of horizontal over-
weightness is much smaller than that of positive overweightness
and when target brightness is relatively high, the effect is small-
er. When horizontal overweightness is over 8 G, sometimes blurry
vision is created from the accumulation of tears and cornea de-
formation.

4. Range of Vision

Positive overweightness causes range of vision to shrink. The
general pattern of shrinkage begins with a loss c¢f brightness in
peripheral vision and finally prior to approaching blackened vision
there is only a small 5° - 10° range of vision in which things can
be seen. 1If there is protection on the outside of the eyes, when
horizontal cverweightness is over 4 G, blurry vision and range
of vision shrinkage can be caused by the accumulation of tears and

focusing difficulties. However, the use of suitable protection can
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guarantee peripheral and central range of vision when chest -
back overweightness reaches 12-~14 G.

5. Instrument Reading

When positive overweightness is under 3 G, the effect is
generally not very great. When it is over 3-4 G, the effect is
noticeable which causes reading to be slow and mistakes to in-

crease.

6. The Effect of Overweightness on the Electrograms of the
Pupils, Regulation, Eye Movement and the Retina

Positive overweightness causes the pupils to enlarge and
after blackened vision occurs, the pupils enlarge to their ex-
treme degree.Negative overweightness can cause eye regulation
capabilities to decline. When positive overweightness nears grey
vision, voluntary eyeball movement is lost. Positive overweight-
ness over 6 G causes the eyelids to droop and it is not easy to
open them. Yet, prior to the occurence of grey vision, color
discrimination is not explicitly effected.

7. Hearing |

When overweightness causes vision loss, the ability to hear
can generally be maintained. In the initial period of loss of
consciousness there is sometimes a hearing reflex reaction, but
under higher overweightness hearing reaction time can be extended.

8. Consciousness of Time

It is estimated that positive overweightness of 3-4 G will
cause the stimulant action time of a person to lower and at 6-8 G
it will become higher. On the contrary, when exposure time under

23-25 G chest -+ back overweightness is short there is no damage
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suffered. The error of this type of assessment is possibly the
result of lack of oxygen to the brain. There are many other ex-
amples of errors in assessment and discernment as well as slow

reactions similar to those mentioned above.

II The Effect of Overweightness on Flight Operation Capabilities

1. Hand Position Movement

During the initial period of overweightness, hand position
is not precise enough. For example, when the hand is extended
quickly upwards from a specific distance errors in using a finger
to press a button increase. When there is positive overweightness,
the finger position tends toward the bottom or top of the target.

2. Operating Power

It goes without saying that under overweightness, limb and
operation weight is double or several times greater than normal
and to carry out the same operation it is necessary to expend a
corresponding amount of increased strength. Thus, the tenseness
of related muscles increases and before long there is the feeling
of exhaustion. When the movement is in the opposite direction of
the overweightness, the increase in the use of power by related
muscles is very evident. When the movement is parallel to the
direction of the overweightness, there is relatively little in-
crease in the use of muscle power. For example, when there is
positive overweightness, lifting of the hand requires the use of
a great amount of power but not much power is needed for movements

to the left and right. Overweightness not only causes the use of
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power in manipulations to increase, but also causes accuracy
decline because of irregularities in the use of power for oper-
ations.

3. Movements to Escape Danger

The first step for a pilot ejecting to escape danger is to
pull the screen below so as to start the ejection equipment. It
was practically shown that when anti-load clothes were worn to
sustain 5-7 G positive overweightness, 16% of the pilots were un-
able to complete this first step and at 7-8 G, the great majority
of pilots were unable to complete this task. However, if at the
time an individual's subjective activity can be aroused and a
suitable extended hand position adopted, then, even if overweight-
ness is greater, they will still be able to complete the operat-
ing task. Because of this, it is necessary to strengthen political
and ideological education and carry out appropriate ejection
training for the pilots.This will guarantee the necessary safe
escape from danger.

When escaping danger in transport aircraft and bombers, it
is sometimes necessary for passengers to put parachutes on them-
selves, walk towards the cabin door and jump out. Under positive
overweightness, the average time for putting on a parachute is
17 seconds, yet when positive overweightness is 2 G it is ex-
tended to 41 seconds, at 3 G it is extended to 75 seconds and
when over 4 G, most people find it difficult to put on a para-
chute. In reality, very rarely does overweightness reach 4 G in

transport aircraft. Overweightness can sometimes reach 4 G in
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bombers and therefore it is best that passengers put on para-
chutes beforehand and carry out serious technical training.

4. Operating Switches and Knobs

Positive overweightness of 5 G causes an increase of 15%
in the time needed to operate buttons and knobs. If the hand is
relatively distant from the buttons, then this type of movement
is very difficult. The power for the hand operation of knobs and
levers is closely related to the direction of overweightness.
When the hand movement plane is parallel to the direction of
overweightness, for example, when there is positive or negative
overweightness, the upward and downward movements of the hands
are very difficult and operation errors are greater. On the con-
trary, if movement and overweight directio